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In  ordei"  to  retain  in  the  present  volume  the  advan- 
tages secured  by  a  Manual  of  this  size  and  nature, 
the  authors  have  thought  it  desirable  to  expand  the 
enlarged  edition  of  1905  as  little  as  possible.  Even 
so,  it  has  been  necessary,  in  order  to  bring  the 
book  down  to  date,  to  include  in  this  Eleventh 
Edition  a  large  number  of  additional  facts  and 
I'ecords.  Every  year  now  brings  its  own  substantial 
contribution  of  new  work,  and  particularly  of  new 
legislation,  to  the  common  stock  of  the  science  and 
practice  of  Preventive  Medicine. 

This  Manual  still  seeks,  as  it  originally  sought, 
to  jDrovide  a  concise  summary  of  the  current  know- 
ledge concerning  Public  Health  for  the  purposes 
of  the  Health  Officer  in  every  branch  of  the  public 
service,  as x  well  as  an  elementary  text-book  for  the 
student.  B.  A.  W. 

G.  N. 
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Hygiene 

AND 

Public  Health 


INTRODUCTION 


Public  Health  administration  rests  upon  a  wide 
range  of  sciences,  almost  all  of  which  are  in  a  pro- 
gressive stage.  The  object  of  this  elementary  Manual 
is  to  summarise  the  more  important  practical  applica- 
tions of  these  in  preventive  medicine,  and  especially 
in  the  work  of  Medical  Officers  of  Health,  under 
present  conditions ;  and  where  competent  authorities 
differ  in  opinion  or  practice,  to  give  prominence  to 
official  views  generally  accepted  rather  than  to  those 
of  individuals.  Readers  who  desire  fuller  technical 
detail  will  turn  to  special  books  of  medicine, 
epidemiology,  bacteriology,  chemistry,  physics, 
meteorology,  geology,  engineering  and  statistics;  totlie 
official  publications  of  the  Local  Government  Board, 
the  Kegistrar-General,  and  other  Government  medical 
services  at  home  and  abroad ;  to  the  Reports  of 
Royal  Commissions  and  Departmental  Committees ; 
to  the  Reports  of  Medical  Officers  of  Health  and 
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School  Medical  Officei\s;  and  to  the  technical  Jourtiah 
and  the  Transactions  of  the  many  learned  societies 
concerned  with  Public  Health. 

Any  review  of  snch  a  field  must,  it  is  obvious, 
be  tentative  and  provisional  in  many  points.  Im- 
proved methods  and  appliances,  fuller  and  later 
statistics  and  research,  and  new  conceptions,  are 
brought  forwai'd  year  by  year.  These,  together  with 
further  legislation,  are  recorded  in  the  current 
literature  of  the  subject.  Finally,  whilst  care  has 
been  taken  to  furiiish  a  reliable  and  comprehensive 
statement  in  the  present  volume,  it  cannot  be  too 
clearly  understood  that  practical  work  in  administra- 
tion, in  the  laboratory,  and  in  the  hospital,  is  essential 
to  a  thorough  grasp  of  many  of  the  principles  dis- 
cussed in  the  following  pages. 
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CHAPTER  I 

AIR 

In  100  volumes  of  pure  dry  air  there  are,  approxi- 
mately, 21  of  oxygen,  78  of  nitrogen,  and  0  9  of  argon. 
There  are  also  other  gases  in  much  smaller  proportion. 
In  pi'actice,  however,  air  is  never  quite  pure  or  dry, 
and  it  is  therefore  necessary  to  take  account  of  watery 
vapour,  dust,  and  gaseous  impurities  of  local  origin. 

Oxygen  ranges  from  20-99  per  cent,  by  volume 
in  sea  or  mountain  air  to  20  "7  in  crowded  rooms, 
18-3  in  ill- ventilated  mines,  and  16 •5  in  expired 
air.  It  is  lessened  by  respiration,  by  combustion, 
by  oxidisable  organic  effluvia,  and  by  fog  ;  but  it  is 
increased  by  vegetation  and  by  rain.  The  average 
in  the  open  air  of  towns  may  be  taken  as  20  "9 6 
volumes  per  cent. 

Ozone,  a  more  active  form  of  oxygen,  with  the 
molecular  formula  Og,  instead  of  Oo,  is  an  irrespirable 
gas  readily  reduced  by  oxidisable  matter.  It  is  only 
an  occasional  component  of  air,  and  is  never  present 
in  more  than  minute  traces,  difficult  of  exact  measure- 
ment. The  proportion  is  greatest  after  thunderstorms, 
always  higher  on  the  coast  than  inland,  and  usually 
higher  with  S.W.  rather  than  IST.E.  winds. 

Nitrogen  and  argon  are  inert,  and,  from  the  point 
of  view  of  public  health,  may  be  looked  upon  as 
diluents  only. 

Carbonic  aci«l  gas  (COg),  said  to  be  absent 
from  desert  air,  varies  from  2*5  per  10,000  in  purest 
mountain  or  sea  air  to  20'0  or  even  30-0  parts  in 
10,000  in  crowded  rooms.  In  fresh  open  air  it  is 
stated  to  be,  as  a  rule,  4*0  per  10,000,  but  this  figure, 
based  upon  Pettenkofer's  process,  appears  to  be  too 
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high,  and  more  exact  measux'ement  points  to  3-0  per 
10,000  as  the  correct  standard.  The  proportion  is 
greatly  increased  by  expiration,  for  in  expired  air 
there  is  not  infrequently  as  much  as  450  parts  per 
10,000.(4-5  per  cent.).  The  proportion  of  COo  in  air 
is  also  increased  by  combvistion,  putrefaction,  and  fog, 
and  it  is  diminished  by  vegetation,  rain,  high  winds, 
and,  in  rooms,  by  ventilation.  At  great  elevation 
the  proportion  is  increased,  owing  possibly  to  the 
complete  oxidation  of  organic  matter  {Angus  Smith). 
Both  carbonic  acid  and  organic  matter  are  greater  in 
the  air  of  towns  than  in  the  country,  and  in  day  air 
than  night  air.  In  railway  tunnels  Clowes  found  an 
average  of  14  parts  of  COo  per  10,000,  and  on  one 
occasion  as  much  as  28-8  parts. 

Ammonia  salts  in  air,  like  carbonic  acid  gas, 
are  due  mainly  to  animal  exhalations  and  putrefactive 
processes.  Fresh  air  contains  from  0  03  to  O'l  mgr. 
of  carbonate  or  nitrate  of  ammonia  per  cubic  metre, 
but  in  crowded  rooms,  or,  for  example,  over  middens, 
thei'e  may  be  0*50  mgr.,  or  even  more.  The  variations 
are  generally  parallel  with  those  of  carbonic  acid,  and 
are  similarly  affected  by  weather. 

Marsh  gas  or  methane  (CH^)  is  met  with  in 
the  air  of  coal  mines  and  marshes.  In  the  former 
ca^e  the  proportion  may  be  sufficient  to  destroy  life  by 
the  exclusion  of  oxygen,  but  as  much  as  300  parte 
per  1,000  can  be  breathed  with  comparative  impunity. 
If  present  in  certain  pi-oportions  it  forms  an  explosive 
mixture  with  air. 

Carbonic  oxide  (CO)  is  present  in  minute 
quantity  in  the  air  of  towns,  but  in  lai'ger  degree 
in,  say,  that  of  a  railway  tunnel.  Coal  gas  contains  from 
4  to  12  per  cent.,  but  "  water  gas"*  and  "producer 

*  Under  various  names  gases  of  this  nature  are  now  largely  made  and 
supplied  to  the  public,  both  separately  and  as  an  auxiliary  to  an  ordinary 
coal  gas  supply.    They  have,  naturally,  little  lighting  power,  but  can  be 
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gas"  as  much  as  40  per  cent.  Carbonic  oxide  is  found 
as  a  product  of  imperfect  combustion,  particularly  of 
charcoal,  and  cast  iron  stoves  or  burners  may  give  it 
off  in  considerable  quantity.  Air  containing  0'05 
parts  per  1,000  causes  unpleasant,  and  eventually 
poisonous,  symptoms  in  persons  inhaling  it.  Less 
than  a  gramme  of  CO  may  kill  a  man  (Oliver).  The 
toxic  properties  of  carbon  monoxide  are  due  to  the 
fact  that  the  gas  enters  into  direct  combination  with 
the  hsemoglobin  of  the  blood,  forming  with  it  an 
extremely  stable  compound,  making  the  blood  use- 
less for  respiratory  purposes.  Persons  thus  poisoned 
die,  therefore,  simply  from  want  of  oxyhjemoglobin. 

!§iill>liiiroiis  acid  (SOo)  is  another  product  of 
combustion,  and  traces  of  it  are  found  in  town  air, 
least  in  clear  breezy  weather,  most  diiring  fog  and 
under  anticyclonic  conditions.  Coal  stoves  and  gas 
burning  are  the  chief  sources  of  SO.3  in  the  air  of  rooms. 

Siilpliurettcd  liydrog-eii  (H2S)  may  occur  in 
the  air  of  marshes,  in  and  near  excavations,  in  collec- 
tions of  refuse  or  decaying  vegetable  matter,  in  sewer 
gas,  and  in  chemical  works  and  their  waste  heaps. 

The  inhalation  of  HoS  is  followed  by  more 
poisonous  results  than  is  commonly  supposed.  An 
atmosphere  containing  0*7  to  0'8  of  H^S  in  1,000 
litres  of  air  is  dangerous  to  human  life,  while  air 
containing  1  to  2  per  1,000  parts  destroys  in  a  few 
minutes.  When  only  minute  quantities  are  present, 
vertigo,  headache,  and  malaise  are  produced.  Two 
types  of  poisoning  occur,  namely,  that  resulting 
in  sudden  death  due  to  the  action  of  HoS  on  the 
respiratory  nerve  centres,  and  that  resulting  in  slow 

cliarged  with  oil-spray  so  as  to  be  equal  1o  ordinary  gas,  and  for  certain 
trade  i)rof',n8S(;s  liiinino.sKy  is  not  retiuired.  Tliuir  use  calls  for  great  care 
in  f,'iis  littiiins,  and  as  a  fiu  llier  precaution  tin;  should  be  "odorised," 
that  is,  charged  with  some  strong-smelling  substance.  In  certain  Acts 
authorising  works  of  supply  for  "  Moud  gas,"  a  limit  of  14  per  cent,  of  CO  is 
imposed. 
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poisoning  and  death  by  asphyxia  in  addition  to 
nervous  phenomena. 

It  may  here  be  stated  that  the  various  constituent 
parts  of  air  are  not  chemically  combined,  but  only 
mechanically  mixed.  The  proofs  of  this  are  (a),  that 
the  relative  proportions  of  oxygen  and  nitrogen 
present  in  air  are  not  those  of  their  combining 
weights,  or  of  any  simple  multiple  of  those  weights  ; 
(b),  if  air  be  artificially  made  by  mixing  oxygen  and 
nitrogen  together  in  proper  proportions,  no  change  of 
volume  or  temperature  takes  place  as  would  be  found 
had  chemical  combination  occurred  ;  and  (c),  if  air  and 
water  be  shaken  together  the  water  dissolves  some  of 
the  air,  which  can  be  subsequently  expelled  by  boiling, 
when  the  air  which  is  expelled  will  be  found  to 
contain  14  per  cent,  more  oxygen,  which  signifies  that 
the  atmosphere  is  not  a  stable  chemical  compound. 

Physical  properties.— (1)  Weight.  At  a  tem- 
perature of  32°F.,  the  bai'ometer  being  at  29-9 
inches,  100  cubic  inches  of  air  weigh  about  32-5 
grains,  and  a  cubic  foot,  573  grains.  (2)  Compression 
and  exjmnsion.  The  stratum  of  atmosphere  near  the 
earth's  surface  is  more  dense  because  more  subjected 
to  pressure  than  the  stratum  remote  from  the  earth's 
surface.  The  air  is  subject  to  Boyle  and  Marriotte's 
law  :  the  temperatiwe  remaining  the  same,  the  volume 
of  a  given  iveight  of  air  is  inversely  as  the  pressure 
ichich  it  bears.  Under  extreme  pressure,  with 
very  low  temperature,  we  now  know  that  it  may  be 
liquefied  (Dewar).  The  converse  of  compression  is  also 
true,  and  air  is  capable,  in  common  with  other  gases, 
of  expansion.  This,  too,  follows  a  law,  that  of  Charles : 
the  volume  of  a  given  loeight  of  air  at  a  constant 
pressuo'e  is  proportional  to  its  absolute  temperature, 
or,  in  other  words,  if  the  volume  remains  unaltorod, 
the  pressure  varies  as  the  temporatui'e,  and  if  the 
pressure  remains  constant  the  volume  varies  as  the 
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temperature.  The  increase  of  tlie  unit  of  volume  of 
a  gas  for  one  degree  of  temperature,  tiiat  is,  from 
zero  to  one  degree,  is  termed  the  co-efficient  of  exjjansion, 
and  is  practically  the  same  for  all  gases  {^ts  their 
volume).  (3)  Diffusion.  If  two  different  gases  in 
receivers  be  brought  into  communication  with  each 
other,  they  will  diffuse  the  one  into  the  other,  and 
similar  diffusion  occurs  in  the  atmosphere.  According 
to  "  Graham's  Law  "  the  diffusihility  of  two  gases  varies 
in  inverse  ratio  of  the  square  roots  of  their  densities. 

Bacteria  in  air  vary  in  number  and  species 
according  to  certain  external  circumstances,  of  which 
the  following  are  the  chief,  namely,  the  pollution  of 
the  air,  the  dampness  of  surrounding  surfaces,  gravity, 
and  various  seasonal  and  meteorological  conditions. 

{a)  The  pollution  of  air.    It  Avas  Tyndall  who  in 
1878  first  pointed  out  that  dust  in  air  might  carry 
micro-organisms     the  raft  theory  "),  and  that,  other 
things  being  equal,  dusty  air  contained  more  bacteria 
than  dust-free  air.     Since  that  time  Haldane  and 
others  have  confirmed  this  by  examination  of  the  air 
of  workshops,  schoolrooms,  etc.    In  open  fields,  free 
from  habitations,  few  bacteria  are  present,  and  the 
same  is  true  of  mountain  and  sea  air ;  in  towns  or 
crowded  rooms  the  reverse  is  the  case.    Miquel  found 
an  average  of  455  bacteria  per  cubic  metre  in  the  park 
of  Mont  Souris,  but  an  average  of  3,910  in  the  Rue 
de  Rivoli,  and  79,000  in  a  hospital  ward.  Haldane 
found  8  per  litre  in  a  dressmaker's  workroom,  but 
850  per  litre  in  a  dusty  rope-maker's  room  ;  Graham 
Smith  found  32  per  litre  in  the  dining  room  of  the 
House  of  Commons,  and  1  per  litre  in  the  open  air  of 
the  Terrace  ;  and  Andrewes,  investigating  the  air  of 
the  Central  London  Railway   (underground  tube), 
found  12  per  litre  on  the  lift  and  21  i)er  litre  on  the 
platform,    Carnelly,  Haldane,  and  Anderson  found  G 
bacteria  per  10  litres  in  open  air,  85  in  houses  of  four 
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or  more  rooms,  430  in  houses  of  two  rooms,  and  580 
per  10  litres  in  houses  of  one  room.  A  polluted  or 
dusty  atmosphere  generally  contains  many  bacteria 
and  much  carbonic  acid,  but  there  seems  to  be  no 
direct  relation  between  them.  An  atmosphere  may 
be  oflfensive  and  yet  comparatively  fi-ee  from  bacteria, 
as  in  sewer  gas,  certain  offensive  trades,  railway 
tunnels,  etc. 

(6)  The  damjmess  of  surrounding  surfaces.  Air 
over  sandy  soils  contains  more  bacteria  as  a  rule 
than  that  over  damp  clay  soils.  Rain  and  snow  also 
diminish  the  number  of  organisms  in  air.  It  has 
also  been  proved  that  air  contained  within  a  moist 
perimeter  is  almost  germ-free.  Hence  the  compara- 
tive absence  of  bacteria  in  expired  air  in  ordinary 
quiet  respiration,  though  in  the  act  of  coughing, 
sneezing,  or  shouting  organisms  may  be  present  in  the 
expired  air  [Fliigge).  Haldane,  Andrewes,  and  others 
have  shown  that  the  same  principle  applies  in  a 
sewer,  the  air  of  which  frequently  contains  fewer 
organisms  than  that  of  outside  air,  the  species  found 
belonging  not  to  the  sewage  but  to  outside  air.  This  is 
also  the  explanation  of  the  I'etention  of  bacteria  in 
sputum  (the  tubercle  bacillus),  or  excreta  (the  typhoid 
bacillus),  so  long  as  these  materials  remain  moist. 

(c)  TJie  irifuence  of  gravitg  operates  upon  micro- 
scopic cells  in  the  same  way,  of  course,  as  upon  other 
particulate  matter.  Hence,  fewer  bacteria  are  found 
at  high  altitudes  or  on  tlie  tops  of  lofty  buildings. 
Binot  found  from  4  to  11  microbes  per  cubic  metre 
of  air  collected  at  the  summit  of  Mont  Blanc.  Miquel 
found  28  l)acteria  per  cubic  metre  on  top  of  the  Pan- 
theon, and  750  at  the  street  level  ;  and  Graham 
Smith  found  that  at  the  top  of  the  Clock  Tower 
of  the  Houses  of  Parliament  in  London  tliere  was 
only  abofit  one-third  of  the  number  of  bacteria 
found  at  ground  level. 
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{d)  Seasonal  and  meteorological  conditions  also 
exert  an  influence  upon  the  number  of  bacteria 
found  in  aii\  The  seasonal  maximum  in  the  open 
air  seems  to  occur  about  midsummer,  and  the 
minimum  about  the  middle  of  winter,  but  in  hospital 
wards  and  houses  the  reverse  occurs,  owing  no  doubt 
to  ventilation.  Air  currents  and  wind,  of  course, 
exert  a  marked  influence,  as  also  do  rain  and  snow. 
Direct  sunlight  possesses  considerable  bactericidal 
power,  and  thus  reduces  the  number  of  air  organisms. 

Unlike  the  organic  matter  and  carbonic  acid,  the 
number  of  microbes  in  tlje  air  of  crotvded  rooms 
is  dependent  rather  upon  habitual  ventilation  and 
cleanliness  than  upon  the  conditions  at  the  time  of 
observation.  They  are  not  due,  q,s  we  have  seen,  to 
respiration,  or  as  a  rule  to  want  of  cleanliness  of 
persons  or  clothing,  but  are  derived  from  the  walls, 
ceiling,  and  floor  of  the  room  itself,  especially  if 
these  are  porous  and  absorbent,  and  if  made  to 
vibrate  and  thus  create  dust.  As  to  the  nature  of 
the  microbes  found  in  the  air,  little  that  is  final 
can  be  said.  Their  variety  is  considerable,  and  for 
the  most  part  they  are  saprophytes  and  harmless  to 
man,  but  they  may  include  putrefactive,  suppurative, 
and  intestinal  organisms,  and  the  specific  germs  of 
disease.  Under  exceptional  conditions  bacilli  of 
tubercle,  typhoid  fever  and  other  diseases  have  been 
isolated  from  air,  and  Gordon  has  detected  an  "  air- 
streptococcus"  and  a  "skin  staphytococcus,"  indicative 
of  tilth  and  human  pollution. 

Spores  of  moulds,  thougli  more  bulky  than  most 
other  air-borne  organisms,  are  less  readily  deposited. 
Other  low  forms  of  organisms  and  pollen  may  also  be 
found,  and  may  be  the  source  of  certain  forms  of 
disease  (hay-fever). 

Dust. — Aitken  found  the  number  of  dust  parti- 
cles per  cubic  inch  of  air  to  range  from  2,000  in  the 
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open  country  to  3,000,000  in  towns,  and  30,000,000 
in  rooms.  Apart  from  living  organisms,  dust  consist, 
chiefly  of  mineral  particles,  and  of  formed  or 
unformed  organic  matter  of  vegetable  or  animal 
origin,  e.g.  epithelium  scales,  pollen,  or  particles 
of  flax,  wool,  or  cotton. 

Indoor  dust  contains  more  organic  components 
than  that  of  the  ojjen  air,  although  open  fires  add 
lai'gely  to  the  mineral  part.  The  heavier  particles 
subside  readily  in  still  air,  the  lighter  more  slowly, 
but  practically  deposition  is  always  taking  place, 
even  in  closed  rooms  and  spaces,  since  air  carrying 
dust  is  constantly  passing  in  or  out  through  crevices 
with  variations  of  temperature  and  pressure.  Hence 
the  only  dust-proof  spaces  are  those  which  are  kept 
hermetically  sealed  or  in  which  there  is  provision  for 
free  entry  of  air  through  a  dust-filter,  as,  for  example, 
a  closed  bookcase,  the  back  of  which  consists  of  baize 
or  similar  material. 

Respiration.  —  Resjoiration  abstracts  oxygen 
from  air  and  adds  carbonic  acid  gas^  water,  oi'ganic 
matter,  and  a  little  ammonia.  An  average  adult 
gives  off  about  0*6  cubic  foot*  of  carbonic  acid  per 
hour,  or  17  litres,  of  which  perhaps  about  one-fiftieth 
part  is  yielded  by  the  skin  [Regnault).  The  amount 
is  less  in  women,  children,  and  aged  persons,  but 
more  in  animals,  such  as  oxen  or  horses,  which  give 
off  about  three  times  as  much  COo  as  does  man. 

Expired  air,  as  we  have  seen,  contains  about  4-5 
per  cent,  of  carbonic  acid,  and  only  about  16  per 
cent,  of  oxygen.  As  a  rough  average  it  may  be 
stated  that  9-10  oz.  of  watery  vapour  are  given  off 
by  the  human  lungs  in  24  hours,  and  20-25  oz. 
by  the  skin.  In  health,  expired  air  contains  few, 
if  any,  microbes,  but  much  organic  matter.    It  is 


*  0'50  during  slpep ;  0"78  when  Rwake,  {Peltenkofer,) 


Chap.  I.]     Respiration  and  Combustion.  ii 


nitrogenous,  oxidisable,  molecular,  and  probably 
exists  in  combination  with  water,  since  it  is  readily 
absorbed  by  hygroscopic  objects.  It  is  precipitated 
from  solution  by  silver  nitrate,  blackens  on  ignition, 
reduces  potassium  permanganate,  yields  ammonia  on 
distillation  with  alkaline  permanganate,  and  has 
a  foetid  smell.  Unlike  carbonic  acid,  organic  matter 
diffuses  sluggishly  through  the  air  of  a  room,  and 
is  destroyed  slowly  by  fresh  air.  It  promotes  the 
growth  of  micro-organisms,  in  which  respect  it  appears 
to  differ  from  COj ;  and  milk,  meat,  or  other  foods 
in  contact  with  it  readily  become  tainted.  The  pro- 
duction per  head  of  both  carbonic  acid  and  organic 
matter  is  increased  after  physical  exercise. 

Combustion.  —  Coal  when  burnt  gives  off  — 
(1)  carbonic  acid,  together  with  carbonic  oxide  unless 
the  combustion  is  complete  (it  is  estimated  that  each 
ton  of  coal  burnt  represents  nearly  3  tons  of  COx, 
added  to  the  atmosphere) ;  (2)  sulphurous  and  sul- 
phuric acids  (1-5  per  cent,  sulphur  exists  in  coal) ; 
carbon  bisulphide,  ammonium  sulphide,  and  some- 
times sulphuretted  hydrogen ;  (3)  water ;  (4)  fine 
particles  of  carbon  and  tarry  matter. 

Coal  gas  yields  similar  products,  but  there  is  little 
free  carbon  or  organic  matter.  Tlie  sulphur  in  gas 
should  not  exceed  20  grains  per  100  cubic  feet.  The 
Alkali  Works  Regulation  Act  (1906)  provides  that  not 
more  of  the  acid  gases  of  sulphur  and  nitrogen  than 
the  equivalent  of  4  grains  of  sulphuric  anhydride 
per  cubic  foot  of  air,  gas,  or  smoke,  must  escape  into 
the  atmosphere. 

Wood  yields  little  of  the  sulphur  compounds. 
Oil  and  candles  give  scarcely  any,  but  they  increase 
the  organic  matter  in  the  air. 

The  gaseous  products,  especially  carbonic  acid,  are 
rapidly  diffused  by  air-currents ;  but  the  suspended 
particles  diffuse  slowly,  and  are  not  as  a  rule  found 


12 


Hygiene  and  Public  Health.     [Chap,  i. 


at  a  greater  elevation  than  600  feet.  Impurity  from 
the  use  of  illuminants  also  pollutes  the  air,  and  at  the 
same  time  exhausts  it.  An  ordinary  bat's-wing  burner 
(16  candle  power),  consuming  5|  cub.  ft.  of  gas  in  one 
hour,  has  been  estimated  to  produce  2 '8  cub.  ft.  of 
COo  and  7  "3  cub.  ft.  of  moisture,  thus  vitiating  the 
atmosphere  to  the  extent  which  five  adults  would  do 
in  respiration.    There  is  also  abstraction  of  oxygen. 

Impurities  of  air  include  infective  matter, 
organic  effluvia,  fumes,  gases,  and  dust  (poisonous 
or  otherwise).  Their  relation  to  disease  is  complex, 
and  will  be  discussed  later  on. 

Examination  of  air.— 1.  Farticulate  matter 
and  bacteria  suspended  in  the  air  may  be  collected  for 
microscopic  examination  by  aspirating  the  air  through 
water ;  or  by  allowing  a  jet  of  air  to  pass  into  an 
exhausted  receiver  through  a  fine  aperture,  so  as  to 
impinge  upon  glass  smeared  with  glycerine,  which 
arrests  the  particles  (Pouchet's  aeroscope) ;  or  by 
aspirating  air  through  a  filter  of  jjowdered  sugar,  and 
by  dissolving  away  the  sugar  in  water,  obtaining  the 
intei'cepted  particles  available  for  examination.  By 
measuring  the  volume  of  air  aspirated,  and  counting 
the  particles  in  an  aliquot  part  of  the  intercepting 
material,  these  methods  can  be  made  quantitative. 

Micro-organisms  will,  for  the  most  part,  escape 
detection  by  this  method,  and,  indeed,  no  means  exist 
of  determining  their  number  with  accuracy.  A  rough 
approximation  may  be  ol^tained  by  making  a  plate- 
cultivation  from  the  whole  (or  an  aliquot  part)  of  tlie 
material  obtained  in  the  manner  described  above,  and 
counting  the  colonies ;  but  for  obvious  reasons  the 
result  gives  only  the  number  of  organisms  which 
can  grow  under  one  set  of  conditions.  Hesse  aspirates 
air  slowly  through  a  wide  horizontal  glass  tube 
smeared  on  the  inside  with  nutrient  gelatine,  the  air 
entering  through  a  jjiu-hole  at  such  speed  as  to  allow 


Chap,  i.]  Examination  of  Air. 


suspended  particles  to  fall  upon  the  gelatine.  Sedg- 
wick, Frankland,  Petri,  Pasteur,  and  others  have 
adopted  methods  of  filtration  through  sugar,  sand,  etc., 
which  is  subsequently  cultured  in  favourable  media. 
The  amount  of  air  examined  is  measured  by  a  syringe 
or  aspirator  of  known  capacity.  Koch  relied  on 
exposure  of  plates  of  gelatine  to  the  air  to  be  exam- 
ined. Gordon  prefers  using  "  broth-plates  "  in  the 
same  way,  with  anaerobic  cultivation  of  the  broth 
at  37  C.  for  48  hours  with  subsequent  subculture. 
Search  should  be  made  for  streptococci  (as  indices  of 
saliva),  B.  coli  and  JJ.  enteritidis  sporogenes  (as  index 
of  recent  and  non-recent  fsecal  pollution),  and  B. 
viycoides  (as  index  of  soil  contamination). 

2.  Organic  matter  in  air  may  be  measured  by 
determining  the  volume  of  air  required  to  decolorise  a 
known  volume  of  a  standard  solution  of  permanganate 
of  potash,  such  as  0-395  grm.  in  1  litre  of  distilled 
water.  The  air  may  be  aspirated  through  the  solution, 
or  successive  volumes  washed  with  the  permanganate, 
by  shaking  in  a  bottle,  until  the  solution  is  no  longer 
pink. 

Another  plan  is  to  aspirate  a  known  large  volume 
of  air  through  distilled  water,  and  then  examine  the 
latter  by  the  albuminoid  ammonia  process,  described 
subsequently.  In  such  estimations  it  is  desirable  in 
each  case  to  make  control  experiments. 

Carbonic  acid.— 1,  Pcttenkofer''s  method. — The  sohi- 
tions  re(iiiire(l  are  :  («)  Pure  lime-water,  saturated  ov  nearly 
80 ;  [b)  Standard  solution  of  crystallised  oxalic  acid  of  such 
strength  (2-'i5  graiiitnes  per  litre)  that  1  c.c.  exactly  neutralises 
1  mgr.  of  lime,  CaO.  From  the  equation  CaO  +  COo  =  CaCOa 

56  mgr.  41'  mgr.  100  mgr. 
44 

it  is  evident  that  1  mgr.  of  CaO  takes      mgr.  of  COj.  The 

volume  of  44  mgr.  of  CO,  at  0-C  and  760  mm.  pressure,  is 
44 

22*4  c.c,  80  that  -  -  mgr.  =  0*4  c.c.    Hence,  each  c.c.  of  oxalic 
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solution  corrosponds  to  0'4  c.c.  of  carbonic  acid,  either  being 
callable  of  neutralising  exactly  1  mgr.  of  lime. 

A  wide-mouthed  glass  bottle,  provided  with  a  tight-fitting 
glass  or  rubber  stopper,  is  also  necessary.  Its  cfijjacity  should 
be  about  five  litres,  and  mtist  be  determined  accurately. 

The  bottle,  having  been  cleaned  and  dried,  is  filled  with 
sample  air,  either  by  means  of  a  bellows,  or  other  dry  method. 
Moisture  is  held  to  invalidate  the  result.  Sixty  c.c.  of 
clear  lime-water  are  put  into  the  bottle,  the  stopper  is  inserted 
and  the  air  thoroughly  washed  with  lime-water  bj*  means  of 
vigorous  shaking.  The  carbonic  acid  combines  with  lime 
and  forms  a  milky  precipitate  of  carbonate  of  lime  ;  the  loss  of 
strength  of  the  lime-water  therefore  measures  the  amount  of 
carbonic  acid  present.  After  the  bottle  has  stood  at  rest  for  a 
few  hours,  30  c.c.  of  the  lime-water  are  removed  for  analysis. 
It  is  not  possible  to  collect  the  whole  of  the  60  c.c,  nor  would 
there  bo  any  advantage  in  doing  so. 

It  only  remains  to  determine  by  means  of  the  oxalic  solution 
the  amount  of  lime  present  in  the  lime-water  before  and  after 
the  process,  and  from  the  loss  to  calculate  the  proportion  of  car- 
bonic acid  in  the  known  volume  of  sample  air.  The  deter- 
mination of  the  "  causticity "  of  the  lime-water  (that  is,  the 
amount  of  caustic  lime  it  contains)  is  made  by  a  simple  process 
of  alkalimetry.  Oxalic  solution  is  dropped  from  a  graduated 
burette  into  a  mcasm-ed  quantity  (30  c.c.)  of  lime-water,  until 
the  exact  point  of  neutralisation  is  reached.  Several 
"  indicators  "  are  available  for  the  recognition  of  this  point. 
If  a  drop  of  the  lime-water  is  removed  from  time  to  time  and 
put  in  upon  turmeric  paper,  it  will  give  a  brown  stain  as  long  m8 
any  caustic  lime  remains  unneutralised,  but  none  when  the 
neutralisation  is  complete.  A  still  simpler  indication  is 
obtained  by  adding  to  the  lime-water  a  few  drops  of  a  sohition 
of  "  phenol-phthalein,"  which  is  decolorised  as  soon  as  all  the 
lime  is  neutralised. 

Example. — The  capacity  of  the  bottle  is  4,840  c.c,  and  30 
c.c.  of  lime-water  take  respectively  38  and  31  c.c.  of  o.xalic 
solution  before  and  after  the  process. 

The  volume  of  air  is  4,840  cc -60  c.c.  =4,780  cc.  Since 
30  c.c.  lost  7  mgr.  of  lime,  the  60  c.c.  employed  lost  14  mgr., 
and  from  data  already  given  this  corresponds  to  14x0  4  =  5  6 
c.c.  of  carbonic  acid.  Hence,  the  sample  air  contained  (l>y 
volume)  5-6  parts  of  carbonic  acid  in  4,780  of  air,  or  117  per 
thousand. 

Corrections  must  bo  made  if  the  tompoi-ature  deviates 
materially  from  32°  Fahr.,  or  the  barometric  pressure  from 
30  inches  of  mercury.    One  per  cent,  should  be  added  to  the 
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result  for  every  5°  atove  32°  Fahr.    If  the  barometric  reading 

30 

is  B,  the  result  must  be  multiplied  by  -— .     Thus,  if  in  the 

above  example  the  temperature  were  72°  Fahr.,  and  the  pres- 
sure 29-2  inches,  the  corrections  would  be  as  follows: — ri7  x 
1 08  30 

fnh  ^  =  13  pal-t  of  carbonic  acid  pet  thousaild. 

2.  Ilaldand's  method. — A  method  has  been  devised  by 
Haldane  for  determining  COg  without  using  collecting  jars, 
etc.  He  adapts  a  gas  analysis  apparatus  consisting  of  a 
burette  with  a  wide  ungraduated  portion  and  a  narrow  portion 
graduated  in  divisions  of  part  of  the  capacity  of  the 
burette.  This  is  enclosed  in  a  water  jacket,  and  a  control  tube 
is  used  to  correct  for  variations  of  temperature.  The  pressures 
under  which  the  readings  are  made  are  found  to  be  the  same, 
before  and  after  absorption,  by  measuring  the  level  of  the 
potash  solution  in  the  narrow  tube.  The  graduated  burette 
allows  of  25  c.c.  of  air  to  be  admitted  for  examination. 
Having  collected  the  amount  of  air  the  COj  is  absorbed  in 
the  caustic  potash  solution.  After  complete  abstraction  of 
CO 2  the  volume  of  the  air  is  again  read  off  at  the  same 
temperature  and  pressure.  The  difference  betwceji  the  two 
readings  gives  the  result  in  volumes  of  CO2  per  10,000  of  air. 

3.  Aligns  Smith'' s  Minimctric  method  and  "  Household^'  test. 
— A  certain  amount  of  carbonic  acid  is  needed  in  order  to 
produce  a  cloud  in  a  given  volume  of  lime-water.  The  volume 
of  lime-water  being  constant,  the  volume  of  air  necessary  to 
give  a  visible  precipitate  affords  a  simple  inverse  measui-e  of 
the  carbonic  acid  it  contains.  Half  an  ouifce  of  clear  lime- 
water  is  placed  in  each  of  a  series  of  stoppered  bottles  of 
different  sizes,  and  well  shaken.  The  smallest  bottle  which 
shows  any  cloudiness  indicates  the  proportion  of  carbonic  acid 
present  in  the  sample  air,  according  to  the  following  empirical 
scale  : — 

A  ppt.   in   a  )    ..o   (  c.c.  capacity  indicates  the  7  n- 1   '  P'H'ts  CO-i 
bottle  of    i         (       presence  of  at  least       j        \  per  1,000" 


356 
2M) 
269 
228 
204 
185 
157 
128 
100 


0-5 
0-G 
0-7 
0-8 

0-  !) 

1-  0 
1-2 

1-  5 

2-  0 


Adopting  0-6  per  1,000  as  the  permissible  limit  of  carbonic 
acid,  there  should  be  no  precipitate  when  half  an  ounce  of  lime- 
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M-ater  is  shaken  in  a  bottle  of  300  c.c.  or  10^  oz.  capacity. 
The  method  is  not  very  satisfactory  or  accurate. 

Carbonic  oxide,  CO,  may  be  detennined  quan- 
titatively by  eudiometry,  or  by  exposing  a  measured 
volume  of  air  to  a  solution  of  cuprous  chloride,  which, 
absorbs  this  gas.  The  loss  in  volume  shows  the 
amount  of  carbonic  oxide  present.  On  passing  CO 
through  palladium  chloride  solution  a  black  precipi- 
tate of  carbon  is  formed.  Its  pi-esence  may  also  be 
determined  by  Vogel's  test  with  the  spectroscope  after 
using  ammonium  sulphide.  A  caged  mouse  is  afi'ected 
in  1^  minutes  by  air  containing  0*4  per  cent,  of  CO, 
and  this  may  be  used  as  a  sensitive  test  {Haldane). 

Oxyg'cu  is  determined  quantitatively  by  exposing 
a  measured  volume  of  air  to  a  solution  of  alkaline 
potassium  pyrogallate,  which  absorbs  the  oxygen. 
The  analysis  may  be  conveniently  made  in  a  gradu- 
ated glass  tube  inverted  over  a  mei'curial  trougli  ;  the 
tube  having  been  tilled  with  air,  the  pyrogallate 
solution  is  passed  up  into  it  through  the  mercury. 
All  the  readings  must  be  taken  at  the  same  pressure. 
Oxygen  may  also  be  determined  by  a  Hempel  burette 
and  pipette,  using  phosphorus  as  the  absorbent. 

Ozone  is  detected  by  its  action  upon  potassium 
iodide.  Strips  of  porous  paper  are  steeped  in  a  solu- 
tion containing  starch  and  potassium  iodide,  and  then 
dried.  These  are  exposed  for  a  definite  period  to  the 
air,  care  being  taken  to  exclude  sun  and  rain.  Ozone 
causes  a  blue  tint,  the  intensity  of  which  is  taken  as 
indicating  the  amount  of  ozone,  according  to  a  stan- 
dard scale  of  tints  ;*  the  ozone  liberates  iodine  from 
the  potassium  iodide,  and  the  iodine  strikes  a  blue 

*  For  several  reasons  this  tost  is  lield  to  be  inexact.  The  chief  arc  (1) 
that  nitrous  acid  and  peroxide  of  hydrogen,  as  well  as  ozone,  give  Uio 
reaction  ;  (2)  that  the  conditions  of  exposure  are  not  uniforni  —light,  wind, 
humidity,  and  temperature  aU  vary,  and  nil  affect  the  reaction ;  and  (3) 
tliat  some  of  the  lilierated  iodine  Is  volatilised,  and  some  reacts  again 
upon  tlie  potash  to  form  inert  iodide  and  iodate. 
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colour  with  the  starch.  Neutral  litmus  and  pure 
potassium  iodide  may  also  be  used.  This  paper  is 
coloured  blue  at  once  by  air  containing  oiro!o  0 
its  weight  of  ozone,  and  slightly  blue  by  from  -0002 
to  '0003  milligrams  of  ozone,  Wurster's  reagent 
(tetramethyl-paraphenylene-diamine)  may  be  similarly 
used. 

Ammonia  may  be  collected  by  aspirating  a 
known  volume  of  air  through  distilled  water,  and  then 
determined  (quantitatively  as  well  as  qualitatively)  by 
Nesslerising  (page  78). 

I^itrogeii  is  determined  with  sufficient  accuracy 
as  the  residue  left  when  oxygen  is  removed  by 
pyrogallate  solution.  The  proportions  of  other  gases 
are  so  small  that  their  retention  does  not  materially 
affect  the  determination  of  nitrogen. 

Water,  or  rather  aqueous  vapour  in  air,  may  be 
measured  by  the  hygrometer,  by  the  spectroscope,  or 
volumetrically  by  its  absorj)tion  by  sulphuric  acid, 
etc. 

It  may  be  necessary  occasionally  to  test  for  sulphur- 
etted hydrogen,  or  for  mineral  acids  due  to  chemical 
manufacturing  processes.  The  former  is  detected  by 
exposing  strips  of  porous  paper  moistened  with  a 
solution  of  lead  acetate,  and  noting  the  black 
colour  due  to  formation  of  lead  sulphide.  Free 
mineral  acids  will  redden  moist  blue  litmus  paper  ;  and 
may  be  obtained  for  chemical  analysis  by  aspirating 
the  air  through  distilled  water  or  solution  of  caustic 
potasli. 
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CHAPTER  II 

METEOROLOGY 

The  principal  climatic  phenomena  requiring  sys- 
tematic record  are:  (1)  Temperature  of  the  air; 
(2)  Pressure  of  the  air ;  (3)  Movement  of  the  air ; 
(4)  Amount  or  degree  of  moisture  in  the  air  ;  (5) 
Ozone ;  (6)  E,ainfall ;  (7)  Sunshine  ;  (8)  Cloud,  mist, 
fog. 

Temperature  varies  constantly,  so  that  the  read- 
ing at  any  one  time  has  only  a  limited  significance,  and 
maximum  and  minimum  I'egistering  thei-mometers  are 
required  for  systematic  record. 

The  maximum  thermometer  has  a  mercurial  column,  a 
detached  portion  of  which  serves  as  an  index,  being  either 
permanently  separated  from  the  rest  by  a  minute  bubble  of  air 
(Phillips),  or  else  detached  afresh  each  time  by  means  of  a 
constriction  near  the  bulb  (Negretti),  which  allows  the 
expanding  mercury  to  pass,  but  i-cnders  the  cohesion  of  the 
metal  insufficient  to  draw  it  back  upon  cooling.  The  ther- 
mometer is  kept  horizontal,  and  the  index  is  shaken  back  after 
each  reading,  ready  for  a  new  observation. 

The  mhtimKin  thermometer  (Rutherford's)  contains  coloured 
alcohol.  The  index  is  a  little  metsil  rod  included  in  the  column, 
and  is  drawn  back  by  capillary  attraction  as  the  column 
contracts,  but  allows  the  alcohol  to  flow  past  it  when  expanding. 
To  set  the  instrument,  it  is  only  necessary  partially  to  invert 
it,  and  lot  the  index  fall  to  the  top  of  the  spirit  column.  It  is 
then  replaced  in  the  horizontal  position. 

If  the  in.struments  are  read  once  daily,  say  at 
9.0  a.m.,  they  indicate  respectively  the  higliest  and 
lowest  temperatures  attained  during  the  previous 
24  hours,  irrespective  of  the  time  of  occurrence. 

Two  sets  of  instruments  are  used,  one  for 
"  shade"  temperatures,  i,p,  the  temperature  of  the  air 
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itself,  the  other  for  "radiation"  temperatures  with 
free  exposure  to  the  sun.'*'' 

Thus  are  obtained  for  each  day — shade  maximum, 
shade  minimum,  sun  maximum,  grass  minimum  ;  and 
from  these  the  daily,  weekly,  monthly,  or  yearly 
ranges,  both  in  shade  and  with  free  radiation. 

The  mean  temperature  of  the  day  is  calculated  in 
several  ways  : — 

(«)  By  taking  the  mean  of  the  maximum  and 
minimum  recorded  temperatures.  This  is  correct  only 
in  winter ;  at  midsummer  it  is  often  more  than  2*^  too 
high. 

(6)  By  taking  the  mean  of  two  readings  at  twelve- 
hour  intervals  :  e.g.  9.0  a.m.  and  9.0  p.m. 

(c)  By  taking  a  single  reading  at  9.0  p.m. 

{d)  By  taking  hourly  readings,  or  a  continuous 
record,  by  means  of  photography.  The  mean  of  these 
is  the  true  mean  temperature  of  the  day. 

The  weekly,  monthly,  and  annual  means  are  the 
averages  of  the  daily  means.  Taking  the  average  of  a 
number  of  years,  the  daily  minimum  occurs  at  about 
4.0  a.m.,  the  maximum  at  2.0  p.m.  The  annual 
extremes  are  in  July  and  J anuary  respectively. 

Proximity  to  the  sea  lessens  the  range  of  tem- 
perature and  moderates  its  extremes,  water  having 
(as  compared  with  land)  a  high  capacity  for  heat, 
but  being  slow  to  radiate  or  absorb  it.  Elevation 
lowers  the  temperature,  by  facilitating  radiation. 
The  influence  of  latitude,  of  winds  and  ocean  cur- 
rents, and  of  aspect  and  exposure,  is  obvious.  Some 
soils  are  "hot" — dry  sands  and  hard  rocks,  for 
example — -while  moist  clayey  soils  are  "cold."  A 
surface  covered  with  vegetation  radiates  much  more 

*  The  fnrriif!!'  are  placed  in  a  hjuvreU  woodoii  box,  four  fcot  iibovc,  tho 
ground.  The  "sun  niaxiinuin''  thermometer  also  is  plai;cd  four  foet  above 
the  ground  ;  it  has  a  blackened  bulb,  which  is  enclosed  in  a  second  glass 
biilb  exhausted  of  air.  The  corresponding  minimum  instrument  is  sup- 
ported upon  a  little  wooden  tripod,  close  to  the  ground. 
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rapidly  than  bare  eartli ;  at  night  a  grass  field  is  colder 
than  a  road.  The  radiation  thermometers  are  affected 
principally  by  the  degree  of  sunshine  and  the  humidity 
of  the  atmosphere.* 

Earth  tempera tiirc,  that  is  the  temperature 
of  the  soil  at  fixed  de])ths,  is  more  uniform  and  less 
diurnally  variable  than  atmospheric  temperature. 
According  to  Ballard,  when  the  temperature  at  4  feet 
reaches  56°Fahr.,  infantile  diarrhoea  maybe  expected 
to  become  epidemic.  Earth  temperature,  which  is 
measured  by  Symonds'  earth  thermometer,  A^aries  but 
little,  proportionately,  from  surface  temperature, 
except  that  it  is  much  moi-e  sluggish.  At  24  feet 
of  depth,  however,  it  is  almost  the  reverse  of  surface 
temperature,  being  highest  in  wmter  and  lowest  in 
summer  (Forbes).  Below  40  feet  there  is  little  annual 
variation  in  the  temperature  of  the  soil. 

Huiiiiflity  involves  rather  complex  considerations. 
Water  evaporates  into  dry  air,  as  into  a  vacuum,  but 
the  volume  of  the  resulting  moist  air  is  greater  than 
that  of  the  original  dry  air.  For  example,  a  cubic 
foot  of  dry  air  at  60°  Fahr.  weighs  536 "3  grain.s,  and 
is  capable  of  taking  up  5*77  grains  of  water;  the 
product,  however,  is  not  1  cubic  foot  of  moist  air, 
weighing  542-1  grains,  but  1-0176  cubic  foot,  and  a 
cubic  foot  of  the  same  moist  air  weighs  only  532-7 

*  The  duration  and  intensity  of  Slllisllilie  arc  recorded  by 
Campbell's  or  Jordan's  apparatus.  The  former  consists  essen- 
tially of  a  glass  sphere,  which  acts  as  a  lens,  and  brings  the 
rays  to  a  focus  at  successivo  points  upon  a  curved  sheet  of 
paper  placed  at  the  right  distance.  A  burnt  track  is  thus 
described  for  such  time  as  bright  sunshine  continues.  Jordan's 
sunshine  recorder  is  a  small  flat  circular  box.  The  sunshine  is 
admitted  through  a  slit,  and  impinges  upon  sensitised  paper, 
leaving  a  varying  photographic  record  of  its  dui-ation  and  in- 
tensity. In  either  apparatus  the  papers  must  be  renewed  daily, 
and  in  the  latter  the  sensitised  paper  must  be  "  fixed  "  by  im- 
mersing it  in  water. 
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grains.  At  32°  Fahr.  a  cubic  foot  of  dry  air  can 
take  up  only  2-13  grains  of  water;  at  80°  Fahr. 
it  can  take  up  10-98  grains.  Further,  the  capacity 
for  moisture  increases  with  the  temperature,  but  much 
more  rapidly. 

Indeed,  it  may  almost  be  said  that,  comparing 
temperatures  which  increase  in  arithmetic  progres- 
sion, the  capacity  of  dry  air  for  moisture  at  those 
temperatures  increases  in  geometric  progression. 
Taking  0*0°  F.  as  a  starting-point,  the  capacity  for 
moisture  (in  other  words,  the  weight  of  a  cubic  foot  of 
aqueous  vapour)  doubles  with  successive  increments 
of  temperature,  not  departing  greatly  from  an  arith- 
metic series. 

Temperature 
(Fahrenheit) 
0° 

16° 

33° 

52° 

73° 

96° 

As  a  rule,  the  water  present  is  only  about  70  or  75  per 
cent,  of  the  amount  required  for  saturation,  but  if  the 
air  is  cooled,  the  same  quantity  of  aqiieous  vapour 
may  suffice  to  saturate  it;  and  if  the  cooling  is  carried 
further  some  of  the  water  will  be  precipitated  as  mist 
or  dew.  It  will  be  understood,  therefore,  that,  however 
dry  the  air  may  be,  it  always  contains  a  certain  pro- 
portion of  water,  and  if  cooled  to  a  certain  tempera- 
ture will  be  "  saturated "  by  that  moisture ;  this 
temperature  is  called  the  devo-iwint.  Super-satur- 
ated" air  deposits  its  moisture  only  upon  solid 
surfaces,  and  this  is  the  cause  of  mists  and  fogs.* 

*  Fog  is  formed  by  the  condensation  of  watery  vapour  on  dnst 
particles  suspended  in  the  air,  whiuh  afford  "free  .surfaces"  on  wliich 
condensation  can  occur.  Huch  atmospheric  dust  probably  consists  of  line 
.salt  dust  from  the  sea,  meteoric  dust,  condensed  gases,  combustion  dust, 
and  particulate  organic  and  inorgtvnic  matter.    AitHoii  holds  that  the 


Weight  of  a  cubic  foot 
of  vapour. 

0'55  grains 

1'09  „ 

1-21  „ 

4-39  „ 

8-32  „ 
17'6S  „ 
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Humidity   is   measured   by   hyg^rometers  of 

various  kinds. 

DanielVs,  now  rarel}'  used,  consists  of  two  dependent  glass 
bulbs,  connected  by  a  tube  bent  twice  at  right  angles.  One 
bulb  is  of  black  glass,  and  contains  a  thermometer,  the  stem  of 
which  is  visible  in  the  tube  above ;  the  other  bulb  is  covered 
■with  linen.  Both  bulbs  contain  ether.  A  little  ether  is  dropped 
on  the  linen  coating,  and  by  its  evaporation  lowers  the  tem- 
perature of  that  bulb,  so  that  ether  distils  over  fi'om  the 
blackened  bulb.  This  causes  the  temperature  of  the  latter  to 
fall ;  as  soon  as  it  sinks  to  the  dew-point  the  black  surface  is 
dulled  by  deposit  of  atmospheric  vapour,  and  this  temperature 
is  instantly  read  off  by  means  of  the  contained  thermometer. 

liegnaiiWs  is  somewhat  similar,  but  the  black  bulb  is 
replaced  by  a  more  sensitive  bright  silver  cup,  and  the  distilla- 
tion is  brought  about  more  conveniently  and  rapidly  by  means 
of  an  aspirator. 

Bineb'  consists  of  a  plate  of  black  glass,  covering  a  small 
chamber  containing  the  bulb  of  a  thermometer.  Cold  water  is 
passed  through  this  chamber  until  the  dew-point  is  reached  and 
the  glass  becomes  dull ;  the  cm-rent  is  then  stopped,  the  tem- 
perature gradually  rises,  and  the  thermometer  is  read  at  the 
moment  when  the  cloud  disappears. 

Sanssure's,  which  hiis  the  advantage  of  giving  the  relative 
humidity  directly,  consists  of  a  human  hair,  fixed  at  one  end 
and  stretched  by  a  light  weight  attached  to  the  otlier.  It 
passes  round  a  movable  axis  which  carries  a  finger  pointing  to 
a  graduated  arc.  The  hair,  which  must  be  uninjured  and  free 
from  oil,  elongates  with  moisture  and  contracts  as  it  becomes 
dry  ;  and  in  so  doing  rotates  the  axis  and  the  indicator.  Tlie 
instrument  has  to  be  graduated  empirically  by  exjiosing  it  first 
to  perfectly  dry  air,  aud  then  to  air  saturated  with  moisture, 
and  making  the  resijective  positions  of  the  index  the  0  and  100 
points  upon  the  graduated  scale. 

The  wet  and  dry  hidb  hygrometer  i.s  usually  em- 
ployed. Two  ordinary  thermometers  are  fixed  side  by 
side,  one  of  them  having  its  bulb  covered  with  muslin, 

nartli's  atmospliore  is  Rreatly  polluted  with  dust,  produced  by  liuiiian 
aKwicy,  rising  by  heated  strata  of  the  air,  aud  forming  the  "  free  surface  " 
for  coiuleiisatioii,  evun  tliougli  tlio  air  be  not  saturated.  .  The  higher  the 
liuniidity  and  the  higher  the  vapour  tension,  when  the  air  is  not  saturated, 
the  greater  is  the  auiouut  of  moisture  held  by  the  dust  imrticdes.  Town 
fogs  and  smoke  fogs  may  be  dry,  and  are  largely  constituted  of  particles  of 
uuconsunicd  carbon. 
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kept  wet  with  distilled  water  ;  a  tail  of  the  muslin 
dips  into  a  vessel  of  water  so  as  to  make  good  the 
loss  by  evaporation.  If  the  air  is  saturated  with 
moisture,  no  evaporation  takes  place,  and  the  two 
tliermometers  give  the  same  reading.  If  it  is  not 
saturated,  evaporation  lowers  the  temperature  of  the 
wet  bulb. 

From  the  wet  and  dry  bulb  readings  the  deAO- 
_point  can  be  calculated,  and  from  the  dew-point  the 
weight  of  water  present  in  the  air.  The  dew-point 
is  determined  by  calculation,*  or,  more  conveniently, 
by  reference  to  Glaisher's  Tables,!  in  which  the  results 
are  given  for  all  ordinary  values  of  both  readings. 
The  dew-point  being  known,  the  next  step  is  to  find  the 
relative  liiiniidity  of  the  air,  which  is  always  ex- 
pressed as  the  percentage  of  total  saturation.  For  this 
purpose  reference  is  made  once  more  to  hygrometric 
tables,  giving  the  weight  of  a  cubic  foot  of  vapour  at 
each  temperature  ;  and  the  relative  humidity  = 

weight  of  cubic  foot  of  vapour  at  the  dew-point 
weigiit  of  cubic  foot  of  vapour  at  dry-bulb  temperature  ^ 

since  the  numerator  is  the  .weight  actually  present, 
and  the  denominator  the  weight  wliich  is  required  for 
complete  saturation  at  the  dry-bulb  temperature. 

In  practice  none  of  these  calculations  are  necessary, 
since  Glaisher's  Tables  give  the  relative  humidity  cor- 
responding to  all  ordinary  readings  of  the  wet  and 
dry  bulb  thermometers.  This  is  by  far  the  most 
important  hygrometric  datum,  the  absolute  weight 

•  By  the  u.se  of  Ajijohn's  Formula,  /"  =  /'  -        where  I  and  t'  are 

87 

the  dry  and  wet  bull)  readings  re.spectively, /'  the  elastic  tension  ofvajiour 
corresponding  tot'  (as  ascertained  from  a  table  of  tensions),  and  J"  the 
tension  of  vapour  ttt  tlie  dew-point.  Having  tlnis  found  tlie  value  of /", 
the  tenipei'atuie  corresponding  to  it  in  a  table  of  tensions  is  the  dew-point. 

t  Based  upon  tlie  "Greenwich  Factors,"  or  "  Glaisher's  Factors,"  a 
difl'erent  factor  being  employed  for  each  tenii  erature.  If  \)  is  tlie  factor 
Qorrcspoiiding  to  the  dry  bulb  temperature,  the  dew-point  is  t  -  P  («  -  t'). 
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or  tension  of  vapour  present,  and  even  the  dew-point, 
being  of  minor  interest.  The  relative  liuraidity  is  an 
inverse  measure  of  the  drying  effect  of  air.  The 
capacity  for  taking  up  moisture  increases  with  the 
temperature,  but  far  more  rapidly,  so  that  the  mere 
difference  between  the  dew-point  and  the  air  tempera- 
ture is  no  criterion  of  the  humidity. 

Aqueous  vapour  intercepts  some  of  the  sun's  lumi- 
nous rays,  and  very  greatly  impedes  the  radiation 
of  non-kiminous  rays  from  the  surface  of  the  earth 
into  space.  Hence  the  difference  between  the  sun- 
maximum  and  grass-minimum  temperatures  is  chiefly 
dependent  upon  the  humidity.  The  intensity  of 
radiation  at  high  altitudes  is  lai'gely  due  to  the 
absence  of  aqueous  vapour.  In  Arctic  regions  the 
unimpeded  solar  radiation  has  been  known  to  boil 
the  pitch  in  the  seams  of  ships  which  were  sur- 
rounded by  ice. 

Humidity  comes  into  question  also  in  connection 
with  ventilation,  the  aim  being  to  keep  the  air  of 
rooms  as  near  as  practicable  to  the  accepted  optimum, 
namely.  70%  of  saturation.  Hence  in  heating  by 
convection  it  is  desirable  to  moisten  the  air,  and  for 
certain  trade  processes  in  which  air  is  steamed  limits 
of  relative  humidity  are  imposed  by  law, 

Evaporation  from  moist  surfaces  is  affected  by 
the  temperature  of  the  water,  the  temperature  of  the 
air,  the  humidity  of  the  air,  and  the  wind.  It  is  more 
rapid  from  moist  soil  than  from  water  ;  and  deep^ 
rooted  crops,  such  as  wheat,  dry  the  soil  to  a  greater 
depth  than  grass.  No  satisfactory  instrument  (atmo- 
meter)  has  been  devised  for  measuring  evaporation, 
owing  to  the  ditRculty  of  excluding  rainfall  while 
allowing  free  exposure.  A  rough  estimate  may  be 
obtained  by  exposing  a  measured  volume  of  water  in 
an  open  dish  of  known  area,  and  deducting  from  the 
final  mcasureniout  the  ascertained  rainfall.  Another 
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plan  is  to  shelter  the  atraometer  from  rain  by  a  cover, 
but  this  necessarily  lessens  the  evaporation.  A  third 
is  to  use  an  index  evaporation  gauge  (Negretti). 
Symons  found  that  at  Lea  Bridge  the  mean  annual 
evaporation  per  square  inch  of  water-surface  was  21 
inches,  the  rainfall  being  25  inches.  In  exceptionally 
dry  years  it  exceeds  the  rainfall. 

Atmospheric  pressure  is  measured  by  baro- 
meters. Mercurial  harometers  consist  essentially  of  a 
glass  tube  some  36  inches  long  filled  with  mercury, 
and  then  inverted  over  a  mercurial  trough.  The  tube 
being  vertical,  the  mercury  sinks  until  the  column  is 
of  just  sufficient  height  to  balance  the  atmospheric 
pressui-e  acting  upon  the  free  surface  of  the  mercury 
in  the  trough.  The  vertical  distance  between  the 
two  mercurial  surfaces  exactly  measures  the  pressure 
of  the  atmosphere  in  terms  of  mercury.  The  level 
of  the  top  of  the  column  is  read  off  against  a  fixed 
scale,  but  as  the  level  of  the  mercury  in  the  cistern 
also  changes  slightly  with  every  change  of  pressure, 
it  is  necessary  to  take  this  into  account. 

In  Fortin's  barometer  the  cistern  has  a  leather  bottom, 
•which  can  be  raised  or  lowered  by  means  of  a  fine  screw,  until 
the  surface  just  touches  a  fixed  ivory  point.  After  this  ad- 
justment of  the  cistern  to  a  constant  standard  level,  the  upper 
level  is  read  upon  a  scale  marked  upon  the  casing  of  the  tube. 

In  the  Kew  barometer  the  necessity  for  the  adjustment  is 
obviated  by  graduating  the  scale  in  nominal  inches,  which  are 
shorter  than  true  inches,  and  exactly  correspond  to  the  dis- 
placement caused  by  a  change  of  pressure  to  the  extent  of  one 
inch  of  mercury.  A  single  reading  therefore  gives  the  true 
vertical  height  of  the  column. 

In  the  siphon  barometer  the  cistern  is  dispensed  with,  and 
the  tube  is  of  U  shape,  one  arm  being  short  and  open  at  the 
end.  Both  levels  are  read  upon  a  scale.  The  movement  in 
eitlicr  arm  is  little  more  than  half  that  occurring  in  a  cistern 
barometer. 

The  ordinary  wliccl-baromotcr  is  a  syphon  barometer,  the 
movements  being  transmitted  by  a  string  from  a  float  upon 
the  mercury  in  the  open  tube  to  an  axis  which  carries  a  long 
finger  like  that  of  a  clock. 
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Gi'eater  accuracy  in  the  reading  is  obtained  by  the 
use  of  the  "  vernier,"  a  small  movable 
5cale  which  slides  upon  the  principal 
scale  (Fig.  1),    If  the  barometer  is 


graduated  to  -gV  inch  divisions  the 
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vernier  can  be  so  graduated  that  25 
of  its  divisions  correspond  to  24  of 
those  upon  the  other  scale,  and  each 

division  is  thei-efore  only      of  the 

25 

length  of  the  standard  divisions. 
With  sub-graduation  the  vernier  will 
show  differences  of  of  J^,  i.e. 
•002,  or  g-^o  inch.  When  a  reading 
is  to  be  taken,  the  lowest  mark  on  the 
vernier  is  accurately  adjusted  against 
the  top  of  the  mercurial  column.  If 
this  level  exactly  corresponds  with 
one  of  the  divisions  of  the  principal 
scale,  the  vernier  correction  is  not 
needed  ;  its  lowest  mark  will 
coincide  with  the  mark  on  the 
scale.  If,  however,  the  level  of  the 
mercury  does  not  exactly  coincide 
with  a  scale  division,  the  vernier 
helps  us  to  measure  more  accurately 
than  is  otherwise  possible  the  frac- 
tional excess  over  the  next  division 
below.  For  tliis  purpose  we  must 
follow  the  vernier  scale  upwards 
until  we  come  to  a  mark  upon  it 
which  corresponds  more  closely  than  any  other  to  one 
on  the  fixed  scale ;  calling  tliis  the  crth  mark,  tlie 
correct  reading  is  •002  x  x  inch  above  the  scale 
mark  next  below  the  mercury  level.  For  example, 
the  mercury  stands  above  29 •So,  but  below  29*90, 
as  read  on  the  fixed  scale,  and  upon  inspection  it  is 
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Fig.  1. — Biirometer 
Scale  and  Vernier, 
showing  ft  readiuK 
of  2!t-85  +  18  X  •IX)2 
=  29-886  inches. 
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found  that  the  sixth  vernier  division  corresponds  with 
a  division  of  the  fixed  scale.  This  shows  that  the 
fractional  excess  above  29-85  is  6  X  '002,  or  -012  inch, 
and  the  true  reading  is  therefore  29*862  inches.  Had 
the  20th  division  of  the  vernier  been  the  one  which 
coincided  with  a  fixed  scale  mark,  the  fraction  would 
have  a  greater  value,  20  x  "002  =  -04  inch,  and  the 
barometric  reading  would  be  29*89  inches.  A  little 
consideration  will  make  it  clear  that  as  compared  to 
scale  divisions  we  lose  '002  inch  for  every  vernier 
division  as  Ave  follow  the  marks  upwards,  until  we 
have  lost  all  the  fractional  excess  over  the  29 'Sd 
mark ;  and  then  the  marks  on  the  two  scales  will 
correspond. 

The  reading  haA'ing  been  accurately  taken  with  the  aid  of 
the  vernier,  it  remains  to  apply  certain  corrections  :— 

(1)  For  "index  error" — i.e.  inaccuracies  in  the  scale. 

(2)  For  "capacity" — i.e.  for  the  change  in  the  cistern 
level,  unless  this  is  allowed  for  as  already  described.  Practically, 
this  correction  is  never  called  for  in  good  modern  barometers. 

(3)  For  "  capUlarity,"  which  tends  to  depress  the  column 
slightly. 

These  three  corrections  are  special  to  each  instrument,  and 
Kew  certificates  give  for  each  half  inch  a  correction  comprising 
them  all. 

(4)  For  temperature,  which  affects  the  mercury,  and  also 
the  brass  or  other  scale.  All  readings  are  reduced  to  32"  Fahr. 
by  means  of  a  table  giving  corrections  for  each  temperature. 

(5)  For  elevation.  It  is  customary  to  reduce  all  readings  to 
sea-level — i.e.  the  mean  half-tide  level  at  Liverpool.  For  this 
purpose  it  is  necessary  to  know  tho  exact  height  of  the  station 
and  to  refer  to  a  table  of  corrections.  Roughly  si)eaking,  the 
correction  is  about  1  inch  for  every  1,000  feet. 

Osvingto  tlie  high  specific  gravity  of  mercury,  13-5, 
a  cohinin  of  about  30  inches  in  height  balances  the 
:itinusi)]icric  pressure,  and  there  is  tlic  furtlier  advan- 
tage that  the  vapour-tension  in  the  Torricellian  vucuuuj 
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above  the  mercurial  column  is  trifling.  The  density 
of  mercury,  however,  renders  the  range  of  move- 
ment under  varying  atmospheric  pressures  small,  and 
other  liquids  have  been  employed  in  order  to  secure 
greater  sensitiveness  of  indication.  J ordan's  glycerine 
harometer  is  the  most  important  of  these ;  glycerine 
has  a  specific  gravity  of  1-26,  and  a  column  of 
27  feet  would  about  balance  a  mercurial  column  of 
30  inches.  A  fall  of  1  inch  of  mercury  is  represented 
by  a  fall  of  10  7  inches  of  glycerine,  and  the  latter  is 
therefoi-e  far  more  sensitive.  Water  barometers  have 
also  been  constructed,  a  column  of  34  feet  being 
required  to  balance  30  inches  of  mercury.  These 
instruments  are,  of  course,  still  more  sensitive,  and 
magnify  the  mercurial  reading  13  "5  times ;  but  in 
addition  to  the  disadvantage  of  their  height,  the 
vapour  tension  in  the  vacuum  is  a  source  of  error  that 
varies  with  the  temperature. 

Aneroid  barometers  dispense  entirely  with  liquids, 
and  measure  the  barometric  pressure  by  means  of  the 
elasticity  of  metal.  A  small  air-tight  metallic  box  is 
(nearly)  exhausted  of  air,  and  is  so  constructed  that 
the  top  is  slightly  forced  in  when  tlie  atmospheric 
pressure  I'ises,  and  (aided  by  a  strong  spring)  comes 
out  when  the  pressure  falls.  These  movements  are 
conveyed  by  levers,  etc.,  to  a  finger  moving  upon  a 
dial  ;  the  dial  is  graduated  empirically  by  comparison 
with  a  standard  mercurial  barometer. 

There  are  periodic  and  non-periodic  variations  of 
pressure,  but  the  former  are  so  completely  masked 
by  the  latter  in  the  latitude  of  England  a,s  rarely  to 
be  perceptible  except  in  averages.  There  is  a  ten- 
dency to  a  daily  curve,  with  a  range  of  about 
0-02  inch.  There  are  two  maxima,  about  9  a.ni. 
and  9  p.ui-  ;  and  two  minima,  about  3  a.m.  and 
3  p.m.  This  slight  curve  is  only  noticeable  in  the 
rare  absence  of  non-periodic  changes  ]   but  in  the 
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Tropics  the  daily  range  exceeds  0*1 1  inch,  while  in 
Arctic  regions  it  vanishes.  The  annual  curve  in 
England  is  somewhat  irregular,  but  has  a  maximum 
at  the  end  of  May,  and  a  minimum  at  the  end  of 
October.    It  is  very  different  in  other  countries. 

Rainfall  is  measured  by  a  rain-gauge,  consisting 
of  a  copper  funnel  leading  to  a  bottle  or  other  receiver. 
The  funnel  has  a  sharp,  circular  rim,  usually  5  inches 
or  8  inches  in  diameter,  and  its  area  in  square  inches 
is  accurately  known.  The  water  collected  in  the 
receiver  is  measured  in  a  graduated  glass  vessel,  the 
divisions  of  which  correspond  to  the  fractions  of  an 
inch  of  rainfall.  It  is  found  that  the  amount  collected 
is  greatest  at  the  ground  level.  Care  must  be  taken 
to  place  the  rim  of  the  gauge  perfectly  level  and  to 
select  an  open  site.  "  No  object  ought  to  subtend  a 
greater  angle  with  the  horizon  than  20°  in  any 
direction  from  the  gauge "  [Scoti).  Snow  and  hail 
may  be  melted  for  measurement  by  adding  a  known 
volume  of  warm  water,  which  must  be  deducted  from 
the  total. 

As  regards  the  daily  curve  of  average  rainfall 
there  are  indications  of  three  maxima,  the  principal 
of  which  occurs  about  2  or  3  p.m.  The  annual 
curve  varies  with  locality.  In  London  and  on  the 
east  coast  of  England  the  principal  maximum  is  in 
October,  and  the  minimum  in  February  or  March  ; 
but  on  the  west  coast  January  is  the  wettest 
month. 

The  average  annual  rainfall  varies  from  about 
20  inches  on  the  east  coast  of  England  to  GO  or  80 
inches  on  the  west  coast  of  Ireland  and  Scotland  ;  and 
at  S(!athwaite,  in  Cumberland,  it  averaged  154  inches 
during  six  years.  The  average  for  England  is  about 
25  inches. 

The  rainfall  does  not  often  exceed  an  inch  in  one 
day  in  Great  Britain,  but  enormous  quantities  are 
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recorded  occasionally.  At  Camberwell,  in  1846, 
3  inches  fell  in  2^  hours,  and  in  Monmoutlishire,  in 
1875,  5'36  inches  fell  in  one  day. 

It  is  greatest  on  the  westward  slope  of  English 
mountains,  owing  to  the  humid  westerly  winds  de- 
positing moisture  as  soon  as  they  are  forced  to  ascend 
into  colder  strata.  Haughton  calculates  that  one 
gallon  of  rainfall,  by  its  condensation  from  vapour 
into  the  liquid  form,  gives  out  latent  heat  sufficient 
to  melt  75  lbs.  of  ice,  or  45  lbs.  of  cast  iron  ;  and 
that  on  the  west  coast  of  Ireland  the  heat  derived 
from  the  rainfall  is  equivalent  to  half  that  derived 
from  the  sun. 

Wiii«l  may  be  measured,  by  anemonietei's,  as 
regards  either  its  pressure  or  its  velocity. 

Hooke's  anemometer  is  a  thin  rectangular  plate  of  iron, 
suspended  from  its  upper  edge,  and  set  at  right  angles  to  the 
wind.  The  force  of  the  wind  is  measured  by  the  angular  dis- 
placement of  the  plate.  A  pencil  connected  with  the  plate 
records  upon  a  chart  moved  by  clockwork  the  displacement. 
In  Osler'.s  anemometer  the  principle  is  the  same,  but  the 
weights  are  replaced  by  a  spring. 

Pressure  anemometers  have  the  advantage  of  recording  gusts 
and  sudden  changes  in  wind-pressure.  So  far  as  velocity  and 
pressure  are  comparable,  it  maybe  said  that  the  pressure  varies 
as  the  square  of  the  velocity.  If  v  =  the  A^elocity  in  miles  per 
hour,  and  v  =  the  pressure  in  pounds  per  square  foot,  then 
according  to  James, 

Y2  z=  200  P. 

Robinson's  is  the  only  one  in  common  use.  It 
consists  of  four  light  arms  rotating  in  a  horizontal 
plane  around  an  axis,  through  which  their  move- 
ments are  transmitted  to  a  series  of  recording  dials. 
Each  arm  lias  at  its  extremity  a  hemisplierical 
cup,  facing  horizontally  at  right  angles  to  the  arm'. 
In  whatever  direction  the  wind  bloAvs,  the  vanes 
revolve,  the  resultant  pressure  upon  the  concave  sur- 
faces being  greater  than  that  upon  the  convex.  It 
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was  formerly  believed  that  the  cups  moved  with  one- 
third  the  velocity  of  the  wind,  and  the  index  dials 
were  graduated  accordingly.  It  appears,  however, 
that  the  proportion  is  greater  than  one-third,  and  has 
a  direct  relation  to  the  size  of  the  cups  and  the  velocity 
of  the  wind.  Negretti  now  supplies  a  recording  and  an 
electric  anemometer,  by  which  Robinson's  apparatus 
may  be  made  self-recording. 

Apart  from  the  uncertainty  as  to  the  true  value  of 
the  readings  of  each  instrument,  the  records  of  differ- 
ent stations  are  not  strictly  comparable,  since  inequali- 
ties in  elevation  and  in  shelter  from  the  wind  are 
inevitable,  and  nuist  materially  affect  the  results. 
The  position  of  the  anemometer  should  be  such  as 
to  secure  the  fullest  possible  exposure  to  wind  from 
all  quarters. 

The  average  velocity  of  wind  in  Great  Britain 
shows  a  daily  maximum  and  minimum  closely  corre- 
sponding to  those  of  temperature,  about  2  p.m.  and 
4  a.m.  The  annual  curve  of  average  wind- velocity 
has  a  maximum  in  July  and  a  minimum  in  December 
or  January. 

In  Beauforis  scale  the  force  of  the  wind  is  stated 
by  arbitrary  numbers,  ranging  from  0  (calm)  to  12 
(hurricane). 


Force. 

Beaufort  Scale. 

Miles  per  hour. 

0 

Up  to  3. 

1 

8 

2 

13 

3 

18 

4 

23 

.0 

Fresh  breeze  

28 

0 

Strong  breeze  

34 

7 

Moderate  gale  

40 

8 

Fresh  gale  

4S 

9 

.00 

10 

Gj") 

11 

12 

90 
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In  England  the  velocity  is,  upon  an  average,  about 
8  miles  per  hour,  and  rarely  exceeds  40.    Local  winds 
may  be  caused  by  geographical  ^ 
configuration — e.g.  upon  coasts 
and   mountains.     In  normal 
conditions  a  wind  blows  at 
noon  from  sea  to  land,  from 
plains  to  hills,  but  at  sunset 
the   directions   are  reversed. 
Winds  increase  in  force  with 
elevation. 

A  "wind-rose"  (Fig.  2)  is  Fig.  2.-Wind-ro8e. 

a  scheme  showing  the  relative 

proportions  of  wind-observations  from  each  point  of 
the  compass.  The  Greenwich  wind-rose  for  1861-70 
was 

N      NE      E      SE      S      SW      W  NW 
10        12        7        7        8        33        lo  7 

If  the  readings  of  the  barometer  at  any  given 
moment  at  several  stations  dotted  over  a  wide  area, 
such  as  Eui'ope,  are  recorded  upon  a  map,  and  lines 
are  drawn  connecting  together  all  the  points  where 
the  same  pressui'e  prevails,  we  obtain  a  "  synoptic 
chart,"  and  these  lines,  or  isobars,  are  found  to 
assume  very  commonly  certain  typical  forms  (Fig.  3). 

1.  Cyclones,  formed  by  concentric  isobars,  the 
lowest  pressure  being  at  the  centre. 

2.  Anticyclones,  the  isobars  being  roughly  con- 
centric, with  the  highest  pressure  at  the  centre. 

3.  Secondary  cyclones,  formed  by  looped  concen- 
tric isobars  (the  circle  being  incomplete,  and  thus 
failing  to  form  a  true  cyclone)  with  lowest  pressure 
in  the  centre. 

4.  yj -shaped  depressions,  with  lowest  pressure  in 
the  interior,  forming,  for  example,  the  angular  intervals 
between  adjoining  anticyclones. 
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5.  Wedges  of  high  pressure — highest  in  the  interior 
— inserted  between  two  adjacent  cyclones,  and  usually 
pointing  to  the  north. 

6.  Cols  or  necks  o?  comparatively  low  pressure 
between  two  adjacent  anticyclones,  like  the  pass  or 
"  col  "  between  two  Alpine  peaks. 

7.  Straight  isobars. 

Cyclones,  secondary  cyclones,  V-depressions,  and 


Fig.  3.— Distribution  of  Pressure  over  the  Nortli  Atlantic,  and  parts 
of  the  United  States  and  Europe,  Feb.  27th,  1865. 

(After  Ahercronibie.) 

wedges,  usually  travel  eastward  at  the  rate  of  about 
twenty  miles  per  hour,  but  anticyclones  often  remain 
stationary  for  days,  weeks,  or  even  months. 

If  the  direction  of  the  wind  at  each  station  is 
marked  upon  the  synoptic  chart,  it  will  invariably 
be  found  that  its  direction  is  roughly  parallel  to  the 
isobars,  and  that  in  anticyclonic  areas  (in  the  northern 
hemisphere)  it  describes  a  circle  in  tlie  same  way  as 
the  hand  of  a  watch,  while  in  cyclonic  areas  this  course 
c 
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is  reversed.*  The  direction  of  the  Avind  in  these  and 
in  all  other  arrangements  of  isobars  conforms  to  Buys- 
Bcdlot\s  law — that  an  observer  standing  with  his  back 
to  the  wind  always  has  lower  pi-essure  to  his  left,  and 
liigher  pressure  to  his  right. 

The  closeness  of  the  isobars,  or,  in  other  words,  the 
.rapidity  of  change  of  atmospheric  pressure,  forms  the 
"  barometric  gradient,"  to  which  the  velocity  of  the 
wind  is  directly  propoi'tionate. 

Not  only  the  force  and  velocity  of  the  wind  can  be 
inferred  from  the  arrangement  of  the  isobai"s,  but 
also  the  kind  of  weather  prevailing  at  each  station. 
The  front  part  of  an  advancing  cyclone  is  asso- 
ciated with  rain,  stratiform  clouds,  and  moist,  heavy 
atmosphere,  while  in  its  rear  the  opposite  conditions 
prevail,  namely,  sunshine,  clear  "  fresh "  air,  and 
cumulus  clouds.  Anticyclones  are  less  intense,  more 
stationary,  and  cover  a  Avider  area  than  cyclones. 
In  front  of  them  and  at  the  centre  are  found  sun- 
shine, blue  sky,  haze,  little  wind,  keen  dry  air,  and 
free  radiation,  with  great  daily  range  of  temperature. 
The  weather  changes  Avhich  accompany  secondary 
cyclones  or  V-depressions  are  the  same  as  those  of 
cyclones  ;  wedges,  like  anticyclones,  have  fine  weather 
iu  front  and  bad  weather  in  their  rear. 

All  these  types  are  liable  to  break  up  or  merge 
into  new  forms  at  any  time,  but  it  is  often  possible 
to  "forecast"  the  weather  in  any  given  locality 
by  learning  from  the  synoptic  charts  the  direction 
and  velocity  of  cyclones  approaching  from  the 
west. 

Cyclones  are  often  diverted  from  their  course  by 
meeting  a  coast  line  or  mountain  chain,  or  even  an 
anticyclone  ;  tlieir  course  is  not  necessarily  straight, 

•  The  course  of  tlic  wiml  is  not  exactly  parallpl  to  the  isobars.  The 
wind  crosses  tlie  isobars  obliquely,  and  may  be  described  as  blowing 
spirally  into  a  cyclone  and  spirally  out  of  an  anticyclone. 
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nor  their  velocity  by  any  means  uniform.  Lastly, 
their  intensity — as  measured  by  the  steepness  of 
the  barometric  gi-adient  and  consequent  wind- 
velocity — may  also  change. 

Cyclones  are  much  more  numerous  than  anti-^ 
cyclones.  The  centre  of  depression  usually  passes  to 
the  north  of  Britain,  and  hence  it  is  more  common 
for  the  wind  to  "ve,er"  (or  "go  Avith  the^  sun") 
tlian  to  "  back."  It  is  only  necessary  to  imagine  a 
watch  (with  its  hand  moving  in  the  reversed 
direction)  passing  over  a  given  point  upon  a  map  to 
understand  the  successive  changes  in  the  direction 
of  the  wind  at  that  point,  during  the  passage  of  a 
cyclone. 

Climate  is  the  condition  of  a  country  in  relation 
to  certain  meteorological  elements,  viewed  as  to  their 
eflFects  upon  animal  or  vegetable  life.  These  elements 
are  («)  distance  from  the  equator,  or  latitude ;  (6) 
relative  distribution  of  land  and  water  ;  (c)  altitude  ; 
{d)  presence  of  ocean  currents;  (e)  rainfall ;  and  (/) 
wind.  Proximity  of  mountain  ranges  and  their 
influence  upon  the  shelter  from  wind  and  on  the 
rainfall,  soil  and  its  permeability  to  moisture,  and 
vegetation,  also  exert  an  influence  on  climate.  The 
climate  of  the  British  Islands  is  typically  marine,  being 
greatly  influenced  by  its  insular  position  and  the  Gulf  • 
Stream,  which  latter  causes  the  "isothermal  lines" 
{i.e.  lines  of  equal  temperature)  of  the  North  Atlantic 
Ocean  to  run  from  S.W.  to  N.E.  Such  a  climate  is 
essentially  a  temperate  one,  free  from  exti-emes  of 
heat  and  cold,  and  yet  marked  by  a  high  degree  of 
atmospheric  moisture.  Rheumatism,  lung  affections, 
and  other  diseases  directly  or  indirectly  due  to  such 
climates  therefore  abound.  It  is  customary  to  divide  • 
climates  into  Warm,  Temperate,  Cold,  Marine,  and 
Mountain  climates,  and  in  each  of  these  disease  bears 
some  relation  to  the  climate.    Particularly  is  this  true 
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of  tropical  or  sub-tropical  climates,  in  which  malaria, 
dysentery,  liver  abscess,  cholera,  yellow  fever,  and  a 
vai'iety  of  tropical  parasitical  diseases  find  favourable 
conditions.  At  the  same  time  much  can  be  done  by 
judicious  living  to  enable  the  individual  accus- 
tomed to  one  climate  to  live  healthily  in  another. 
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CHAPTER,  III 

WATER 

Amount. — It  is  generally  estimated  that  from  10 
to  15  gallons  of  water  per  head  per  day  are 
required  for  personal  and  domestic  use,  5  to  10 
gallons  for  municipal  purposes  and  a  similar  quantity 
for  trade  processes,  but  all  these  items  are  liable  to 
wide  variation.  About  20  to  30  gallons  per  head 
are  supplied  in  most  towns  in  Great  Britain.  The 
average  daily  amount  taken  in  food  is  about  half  a 
gallon,  but  at  least  a  pint  of  this  is  contained  in 
solid  food.  Half  a  gallon  more  is  used  in  cooking. 
Parkes  suggested  as  a  standard  in  a  middle-class 
household  6  gallons  per  head  for  domestic  washing, 
5  for  ablutions,  including  a  sponge-bath,  6  for  water- 
closets,  4  for  general  baths,  and  3  for  unavoidable 
waste. 

Soiii'ces.— All  natural  waters  ai'e  ultimately 
derived  from  the  rainfall,  which  in  its  turn  is  due 
to  distillation  under  the  influence  of  the  sun's  rays 
from  all  humid  portions  of  the  earth's  surface.  Part 
of  the  rainfall  is  again  evaporated  fi'om  the  surface 
upon  which  it  falls,  part  flows  along  the  surface 
to  form  streams  and  lakes.  A  third  part  sinks 
into  the  soil,  descending  through  fissures  or  pores, 
until  it  reaches  an  impervious  formation,  and  it 
then  either  finds  its  way  laterally  to  the  surface 
in  the  form  of  springs,  or  accumulates  in  the 
porous  strata  overlying  the  impervious  layer,  where 
it  may  be  reached  from  the  surface  by  wells.  It 
has  been  found  that  upon  sand  or  gravel  surfaces  as 
much  as  90  per  cent,  or  more  of  the  rainfall  sinks 
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into  tlie  ground,  as  compared  with  40  per  cent,  on  the 
chalk,  and  20  per  cent,  on  limestone,  while  upon  clay 
scarcely  any  infiltration  occurs.  For  obvious  reasons 
the  proportion  is  less  in  hilly  districts,  which  offer 
greater  facilities  for  surface-flow,  and  less  in  summer 
than  in  winter  owing  to  excessive  evaporation.  Experi- 
ments upon  a  gravelly  loam  indicated  a  penetration  of 
only  2  per  cent,  in  summer  and  nearly  100  per  cent, 
in  winter. 

In  a  memorandum  dated  December,  1897,  ad- 
dressed to  District  Councils,  the  L.G.B.  observes  : — 

"  The  Council  .  .  .  should  by  careful  inquiry 
make  themselves  acquainted  with  the  sources,  nature, 
and  quality  of  the  water  supplies  in  all  parts  of  their 
district,  and,  in  every  case  in  which  the  result  of  their 
inquiries  is  unsatisfactory,  should  take  all  such  steps 
as  may  be  within  their  powei's,  with  the  view  of 
supplementing  or  impi'oving  the  sujiplies.  .  .  . 
Accurate  information  should  be  procured,  if  not 
ali-eady  available,  in  such  matters  as  the  follomng : — 

1.  Where  water  is  derived  from  gathering  ground  or 
from  springs.  Whether  drainage  from  human  habi- 
tations, farmyards,  and  the  like  finds  its  way  directly 
or  indirectly  into  the  reservoir  or  to  any  part  of  the 
water  service  ;  and  whether  risk  of  access  to  the 
water  of  human  excreta  and  similar  refuse  is  likely 
to  arise. 

2.  Where  water  is  derived  from  deep  wells. 
Whether  surface  or  other  Avater  liable  to  be  con- 
taminated by  drains,  sewers,  cesspools,  and  the  like, 
reaches,  or  is  liable  to  reach  the  wells.  The  existence 
and  direction  of  fissures  in  the  strata  deserve  a 
special  consideration  in  this  respect. 

3.  Where  the  water  is  derived  from  shaUoio  wells. 
Whether  tlie  wells  are  so  circumstanced  that  they  run 
risk  of  contamination  by  reason  of  drains,  privies, 
cesspools,  or  middens,  or  by  deposit  of  manure — 
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whether  derived  from  human  excreta  or  not  in  or 
on  the  ground  in  the  neighbourhood  of  the  wells." 

Bain- water  is  soft  and  well  aerated,  but  its  purity 
and  fitness  for  drinking  or  even  for  washing  depend 
upon  the  purity  of  the  atmosphere  through  which  it 
falls.  Near  the  coast  it  often  contains  traces  of 
chlorides  and  sulphates.  In  inland  districts  there 
is  a  marked  increase  in  the  sulphuric  acid,  ammonia, 
and  organic  matter,  owing  to  putrefactive  processes 
and  the  combustion  of  coal.  Near  towns  rain 
may  become  acid  in  reaction,  from  excess  of  sul- 
phurous and  sulphuric  acids,  and  is  liable  to  carry 
do\vn  considerable  quantities  of  tarry  and  carbon 
aceous  matter  from  the  smoky  air.  It  acquires 
from  the  air  not  only  oxygen,  nitrogen,  carbonic 
acid  and  ammonia,  with  a  minute  amount  of 
nitric  acid,  but  also  any  organic  or  other  impuri- 
ties that  may  be  present  in  the  air.  Ammonia 
is  found  in  largest  proportion  during  the  early  part 
of  a  shower.  A  litre  of  rain  contains  about  25  c.c. 
of  gases,  namely,  8  c.c.  of  oxygen,  16 '5  c.c.  of  nitro- 
gen, and  0"5  c.c.  of  cai-bonic  acid.  Dew  and  snow- 
water have  practically  the  same  characters  as  rain- 
water, except  that  the  dissolved  gases  are  in  less 
amount  in  snow-water.  The  average  of  20  years, 
less  one -third,  gives  the  amount  of  rain  in  the  driest 
year,  and  plus  one-third  the  amount  in  the  wettest 
year.  {Hmoksley.) 

Spi'iii^)^  an<l  wells.— The  portion  of  the  rain- 
fall that  sinks  into  the  around  becomes  heavilv 
charged  with  carbonic  acid  from  the  air  in  the  inter- 
stices of  the  soil,  and  aided  by  this  and  by  the  increas- 
ing pressure  it  dissolves  out  lime  and  various  mineral 
salts  from  the  strata  through  which  it  passes.  From 
the  superficial  strata  it  also  receives  organic  matter, 
but  the  tendency  of  filtration  through  the  soil  is  to 
remove  this,  or  (in  the  superficial  layers,  whore  oxygen 
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is  present)  oxidise  it  witli  formation  of  nitrates. 
The  nature  and  amount  of  the  mineral  matters  in 
sohition  are  determined  by  the  soluble  constituents 
of  the  various  strata  through  which  the  water  has 
passed,  and  the  organic  impurities  are  regulated  by 
the  facilities  for  pollution  in  the  superficial  soil 
and  the  completeness  of  purification  by  filtration. 
Hence  the  water  in  shallow  wells,  especially  if 
situated  near  dwellings  or  manured  lands,  is  liable  to 
contain  much  organic  matter  washed  from  the  soil, 
with  or  without  partial  oxidation  into  nitrates  or 
nitrites  ;  and  also  chlorides,  which  usually  accompany 
organic  impurities  of  sewage  origin.  In  peaty  districts 
the  water  acquires  a  brown  tint  due  to  vegetable 
matter. 

According  to  the  depth  of  the  strata  from  which 
it  is  derived,  the  water  may  be  warm,  or  of  the 
mean  temperature  of  the  locality,  or  varying  in 
temperature  according  to  the  season. 

River-water  is  derived  partly  from  springs,  but 
chiefly  from  that  portion  of  the  rainfall  which  runs 
ofi'  the  surface.  Hence  it  contains  a  variety  of  mineral 
salts  in  solution,  though  in  less  amount  than  in  spring 
or  well  water. 

All  streams  are  inevitably  polluted  to  a  certain 
extent  by  organic  matter.  Moorland  streams  con- 
tain peaty  matter,  souietiraes  in  sufficient  quantity 
to  produce  diarrhoea.  Even  in  rui-al  districts, 
drainage  from  manured  land  and  farmsteads  finds 
its  way  to  the  river,  and  in  times  of  llea^•y  raiu 
much  impurity  of  animal  and  vegetable  origin  is 
washed  into  the  watercourses.  Such  slight  degrees 
of  pollution  are  not  regarded  as  rendering  water 
untit  for  drinking  purposes,  especially  after  filtration. 
Some  of  the  organic  matter  is  oxidised  by  agitation 
and  aeration,  assisted  by  nitrifying  organisms,  or 
removed    by    aquatic    plants,    and    the  bacterial 
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contents  of  river  water  may  be  much  reduced  by 
natural  processes.  For  example,  it  has  been  shown 
by  experimental  investigation  that  the  movement  of 
river  water,  and  its  pressure,  exert  such  an  influence. 
Oxidation,  dilution,  sedimentation,  the  bactericidal 
mfluence  of  light,  and  the  antagonism  of  the  fauna 
and  flora  of  a  river,  also  operate  in  the  same  way. 
When,  however,  the  sewage  of  hamlets,  villages,  and 
towns  is  poured  into  the  river,  Caq  pollution  becomes 
more  serious,  and  the  self-purifying  agencies  are 
soon  overpowered.  Even  if  the  sewage  added  at  any 
one  point  be  insuflScient  to  make  a  perceptible  differ- 
ence in  the  whole  volume  of  water,  it  will  contribute 
to  it,  and  the  risk  of  specific  pollution,  discernible 
neither  by  optical  nor  chemical  tests,  must  always 
render  such  a  stream  a  questionable  source  of  supply. 
Trade  effluents — for  example,  refuse  from  dyeworks, 
paper-mills,  and  bleachworks — cause  even  more  dis- 
coloration and  turbidity  than  sewage  proper.  From 
these  combined  causes  the  rivers  in  the  manufactur- 
ing districts  become  foiil,  discoloured,  and  offensive. 
Matters  are  made  worse  by  the  refuse  from  slaughter- 
houses, solid  household  refuse,  and  even  contents  of 
privy  middens  being  cast  into  the  river.  "When  the 
pollution  reaches  such  a  degree  as  this,  the  purifica- 
tion by  oxidation  is  insignificant.  Putrefaction  goes 
on,  however,  and  the  suspended  matters  are  slowly 
deposited  in  the  bed  of  the  stream,  so  that  there  is 
still  a  tendency  to  self-purification.  The  foulness  of 
rivers  has  rendered  it  necessary  for  the  towns  on  their 
,  banks  to  impound  pure  water  which  formerly  passed 
into  the  natural  watercourses  and  helped  to  dilute  the 
impurities  cast  into  them.  Lastly,  the  flow  is  in  many 
rivers  to  a  great  extent  intermittent. 

Owing  to  trade  exigencies,  volumes  of  water  are  in  many 
places  impounded,  and  are  only  passed  into  the  stream  during 
work  hours.    In  seasons  of  drought  this  may  for  a  time  almost 
C  * 
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entirely  arrest  the  flow  of  pure  water,  so  that  sewage  or  other 
impurities  that  gain  access  to  the  stream  remain  undiluted. 
This  evil  is  greatest  on  Saturdays  and  Sundays,  hiit  occurs 
daily,  and  continues  until  such  time  in  the  day  as  the  reserved 
flow  reaches  the  point  in  question.  When  water  is  abstracted 
from  the  head  of  a  stream  for  the  supply  of  a  town,  it  is  cus- 
tomary to  provide  a  "  compensation  reservoir  "  in  which  the 
storm  waters  are  impounded,  and  whence  they  can  be  delivered 
to  sujjplement  the  remaining  flow  in  the  river  in  dr\-  weather. 
As  a  means  of  regulating  the  flow  these  reservoirs  are  very 
valuable,  but  as  for  trade  purposes  the  discharge  is  often  made 
intermittent,  the  lower  part  of  the  stream  maj'  suffer  from 
delay  in  the  delivery  of  the  "  compensation  "  water,  in  addition 
to  the  loss  of  the  water  jjermanently  abstracted  from  the  channel. 
An  intermittent  flow  may  have  some  beneficial  influence  in 
flushing  the  bed  of  the  stream,  but  where  there  is  great  impurity 
any  interruption  of  flow  causes  increased  nuisance  by  exposure 
of  a  foul  foreshore. 

ITIode  of  supply. — In  thinly  populated  districts 
water  is  obtained  from  streams,  springs,  or  wells,  supple- 
mented by  storage  of  rain-water. 

The  depth  to  which  it  is  necessary  to  sink  a  well 
depends  upon  the  surface  conditions  as  well  as  the 
arrangement  of  the  strata  beneath.  Even  shallow 
wells  may  yield,  good  water  unless  exposed,  to 
pollution,  as  for  instance  by  the  proximity  of 
leaking  cesspools,  ashpits,  drains,  or  even  dwellings. 
Water  will  usually  be  found,  collected  as  in  a 
basin,  above  the  first  impervious  stratum  of  clay, 
and  as  the  surface  of  this  subterranean  reservoir  will 
vary  according  to  season,  the  well  must  be  deep  enough 
to  reach  its  level  in  times  of  drought.  Such  a  well 
drains  a  wide  area,  and  is  liable  to  be  polluted  by  any 
impiu'ity  of  the  soil  within  a  coiisiderable  radius  of  its 
mouth,  and  as  the  supply  is  at  best  subsoil  water,  due 
regard  must  be  had  to  the  possibility  of  pollution  at 
comparatively  distant  points.  It  should  be  lined  with 
brick  and  puddled,  and  the  brick  lining  sliould  be 
brought  a  foot  or  two  above  the  ground  so  as  to  exclude 
surface  washings.    If  the  soil  is  polluted,  or  if  the 
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water  found  is  impure  or  insufficient  in  quantity,  the 
boring  is  carried  through  the  first  impervious  stratum 
to  other  water-bearing  strata  deeper  down.  Some- 
times the  water  in  the  deeper  strata  is  under  sufficient 
pressure  to  make  it  rise  to  the  surface  and  overflow, 
forming  an  " artesian  well"  or  artificial  spring.  The 
flow  in  dense  strata  being  slow,  each  well  exhausts  a 
considerable  area,  and  the  yield  of  water  cannot  be 
greatly  increased  by  multiple  borings.  Borings  in 
sandstone  or  limestone  give  large  and  constant  supplies, 


Fig.  4. — Diagrammatic  Section  across  a  Valley. 
a  a,  Iicrel  of  water  in  deeper  permeable  strata. 


owing  to  the  enormous  accumulations  of  water  they 
contain,  but  wells  in  superficial  sand  or  gravel  beds,  or 
chalk,  often  fail  in  diy  seasons  (Fig,  4). 

2^ube  ivells  ("Abyssinian")  are  convenient  for 
small  or  temporary  supplies,  A  jointed  iron  tube 
is  driven  into  the  ground,  section  by  section,  the 
lowest  being  pointed  and  perforated  at  the  end. 
When  water  is  reached,  it  enters  the  tube  through  the 
perforations  and  is  pumped  up,  if  the  pressure  is 
insufficient  to  bring  it  to  the  surface.  Where  the 
water  does  not  rise  to  within  25  feet  of  the  surface  a 
deep  well  pump  is  necessary,  "Abyssinian"  tube 
wells  are  most  suitable  for  gravel,  coarse  sands,  chalk, 
and  other  porous  water-bearing  strata,  and  may  be 
driven  to  any  depth  up  to  150  feet.    They  are  not  to 
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be  recommended  for  clays,  marls,  and  fine  sands,  and, 
of  course,  they  cannot  penetrate  rock. 

In  the  country,  and  in  certain  towns  wliere  the  air 
is  free  from  smoke,  the  rain  falling  upon  the  roofs  is 
collected  and  stored  in  cisterns  for  domestic  use.  It 
may,  however,  be  collected  from  any  other  natural  or 
artificial  impervious  surface.  Its  softness  renders  it 
valuable  for  Avashing,  especially  if  the  alternative 
supply  is  hai'd,  but  owing  to  sooty  and  other  matters 
acquired  from  the  air  and  from  the  roofs  themselves, 
it  is  seldom  obtained  in  a  state  of  sufficient  purity  for 
drinking  purposes.  It  has  been  estimated  that  on  the 
average  only  about  two  gallons  per  head  per  diem 
could  be  collected  in  this  way.* 

If  rain  is  relied  upon  for  more  than  an  auxiliary 
supply,  the  collecting  surface  and  storage  capacity 
must  be  regulated  by  the  minimum  annual  rainfall 
and  the  longest  diy  season. 

Collection  and  storag-e. — Water  is  supplied 
to  towns  from  reservoirs  placed  at  a  sufficient  height 
to  allow  of  its  distribution  by  gravitation  through 
open  or  closed  aqueducts,  leading  to  the  street  mains 
and  through  them  to  the  service-pipes.  Pumping 
stations  may  be  requisite  in  order  to  gain  this  eleva- 
tion, and,  if  the  source  of  water  is  of  insufficient 
purity,  settling  tanks  and  filter  beds  may  also  be 
required.  When  the  yield  is  liable  to  intermission, 
large  storage  capacity  in  the  reservoirs  becomes  neces- 
sary. Supplementary  service  reservoii'S,  fed  by  the 
main  reservoirs,  are  often  constructed  in.  elevated  parts 
of  the  town,  partly  for  convenience  of  distribution  to 
certain  districts,  partly  in  order  to  supplement  the 
supply  during  the  hours  of  maximum  demand,  and  so 

*  The  annual  yield  is  found  by  multiplying  the  inches  of  annual  rainfall 
by  the  square  inches  of  sectional  area  of  the  building  (not  the  slant  surface 
of  the  roof).  Tliis  gives  tlie  cubic  inches  of  water  jier  annum,  and  multt- 
l)lied  by  0'0036,  the  number  of  gallons. 


Chap.  III.] 


Storage  of  Water. 


45 


to  avoid  the  necessity  of  regulating  the  calibre  of 
the  principal  aqueduct  by  the  greatest  hourly  con- 
sumption, which  is  double  the  average  hourly  consump- 
tion. 

If  water  with  a  head  of  H  feet  flows  through 
L  feet  of  pipe  D  inches  in  diameter,  the  discharge  W 
in  cubic  feet  per  minute  will  be 


•\/h  X  D3  /l  X  W 

W  =r  4-72  — —  •   Hence  D  -  -538  V  ^  ^  . 

The  source  of  supply  may  be  deep  wells,  springs, 
lakes,  rivers,  smaller  streams,  or  artificial  adits  from 
gathering  grounds.  Some  of  these  sources  are  im- 
mediately dependent  upon  the  rainfall  for  their 
continuance,  so  that  in  planning  a  water  supply  it  is. 
necessary  to  take  into  account  the  area  of  the  gather- 
ino-  ground,  the  minimum  annual  rainfall,  the  longest 
rafnless  period,  the  proportion  of  rainfall  available  for 
collection,  the  storage  capacity  of  the  reservoirs,  and  the 
amount  of  water  required  by  the  district  to  be  served.* 
Water  of  the  greatest  purity  is  obtained  from  deep 
wells,  or  from" barren  uplands,  where  the  risks  of 
animal  or  vegetable  pollution  are  slight. 

Reservoirs  are  constructed  either  by  excavation 
or  embeinking,  the  simplest  plan  being  to  carry  an 
embankment  across  a  valley.  A  lining  of  concrete 
or  clay  puddle  may  be  needed  to  render  them  water- 
tight. The  embankments,  necessarily  of  great  strength , 
have  a  core  of  clay  puddle,  and  are  protected  from 
disintegration  by  a  covering  of  grass  on  the  outer  side 
and  dressed  stone  on  tlie  inner. 

Means  are  provided  of  diverting  the  tributary 

»  In  such  cases  the  reservoirs  sliould  be  large  enough  to  hold  at  least 
loOdiy  supply,  and  more  in  <lry  localities.  If  11  =  ""■'""^'^'"/ff  ■ 
E  =  evar.oralion  (page  24),  and  A  =  acreage  of  gather  ng  ground  then  tl  e 
mean  daily  yield  in  gallons  is  02  A  (R-  E)  In  the  tlrie«t  year  the  rainfall 
will  be  i  less,  in  the  wettest  \  more,  than  the  average.  (6ymo7W.) 
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streams  along  a  by-wash  when  they  become  foul  in 
flood  times.  The  reservoir  has  an  overflow  weir,  and 
can  be  emptied  for  cleansing  pui-poses  by  means  of  a 
pipe,  controlled  by  a  sluice,  leading  fi'om  its  lowest 
point. 

From  the  reservoirs  the  water  passes  to  the 
aqueducts  by  an  outlet  pipe,  which  is  bent  upwai'ds 
at  its  commencement  so  as  to  take  the  purest  water, 
free  alike  from  sediment  and  floating  matters.  The 
aqueduct  may  be  an  open  channel,  but  usually 
consists  of  iron  pipes  buried  two  or  three  feet  in  the 
ground  as  a  protection  against  frost.  The  pipe  aque- 
duct may  be  lined  with  pitch  or  other  anti-corrosive,  and 
being  watertight,  its  course  is  not  necessarily  down- 
wai'd  at  all  points.  Means  of  access  are  provided  at 
•short  intervals  for  cleansing  pui'poses,  and  if  its 
course  is  undulating,  sluices  are  weeded  at  the  lowest 
jioints  for  scouring  out  debris,  and  air  vents  at  the 
summit. 

Distributing  conduits  and  mains  conA*ey  the  water 
to  all  parts  of  the  district,  and  pass  beneath  the 
streets.  They  are  similar  in  construction  to  the  main 
aqueducts,  and  have  "  scouring  valves "  at  all  dead 
ends  in  order  to  wash  out  sediment.  They  should  be 
kept  as  far  as  possible  from  the  sewers  and  gas  mains.* 
Hydrants  ai'e  provided  at  short  intervals  for  use  in 
case  of  fire. 

Service  jnpes  convey  water  from  the  street  main  to 
the  house,  and  are  controlled  by  means  of  stop-cocks, 
Lead  piping  is  generally  used,  owing  to  the  many 
bends  and  joints  needed  in  distributing  Avater  within 
the  house.  If,  as  is  sometimes  the  case,  the  water 
B  of  such  quality  as  to  act  upon  lead,  other  materials 
must  be  employed  for  domestic  supplies. 

*  There  is  danger  of  in-suct.ion  If  a  pprrorntion  exists  in  a  descending 
pipe,  and  especially  al  a  point  of  constriction,  even  if  the  pipe  is  con- 
stantly full. 
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Con^itaiit  and   intermittent   service. — In 

almost  all  provincial  towns,  and  in  most  parts  of 
London,  the  water-supply  is  maintained  constantly, 
save  in  times  of  exceptional  drought.  In  some  dis- 
tricts, however,  the  supply  is  only  afforded  for  a  certain 
number  of  hours  in  the  day  ;  and  it  becomes  necessary 
for  each  household  to  store  a  sufficient  supply  for 
twenty-four  hours,  in  elevated  cisterns.  The  inter- 
mittent system,  now  becoming  obsolete,  is  attended 
by  many  risks  and  disadvantages,  and  is  only  defended 
on  the  grounds  that  it  incurs  somewhat  less  waste, 
and  that  the  substitution  of  constant  service  entails 
better  fittings.  On  the  other  hand  the  cisterns, 
which  must  be  large  enough  to  meet  the  maximum 
(not  the  average)  daily  consumption,  are  costly,  and 
are  liable  to  become  foul ;  the  water  stored  in  them 
is  stagnant,  and  absorbs  impurities  from  the  air ; 
coal-gas,  sewer  gases,  or  liquid  filth  are  liable  to  be 
drawn  into  the  mains  and  service-pipes  when  empty  ; 
and,  apart  from  this,  the  alternate  contact  with  air 
and  water  tends  to  corrode  the  pipes  and  promotes 
the  absorption  of  lead.  In  the  event  of  fire,  a  house 
or  district  under  the  intermittent  system  is  at  great 
disadvantage. 

A  cistern,  if  any  is  needed,  should  be  placed  at  the 
top  of  the  housd,  and  fed  by  a  supply-pipe  controlled 
by  a  ball-cock.  It  must  be  large  enough  to  contain 
at  least  a  day's  supply  and  must  not  directly  supply 
the  water-closet.  It  may  be  made  of  lead,  lined  with 
pitch  or  other  protective  coating,  or  of  galvanised  or 
-Barff  iron,  or  of  slate  slabs  set  in  cement.  It  should  bo 
efi'ectually  covered,  but  ventilated,  and  provided  with 
an  overflow  discharging  into  the  open  air  away  from 
any  source  of  effluvia.  Frequent  inspection  and 
cleansing  are  necessary. 

Purification  of  water  may  be  necessary  on 
account   of    excessive   hardness,    excess    of  saline 
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constituents,  suspeiided  matters,  organic  matter  in 
solution,  or,  lastly,  on  account  of  liability  to  specific 
pollution. 

Distillation  is  the  most  univer.sally  applicable 
mode,  and  even  sea-water  can  be  utilised  in  this  way. 
Distilled  water  has  an  unpleasant  taste,  and  is  said  to 
be  indigestible  from  its  want  of  aeration.  This  can  be 
remedied  by  exposure  to  the  air  in  finely  divided  cur- 
rents, as,  for  instance,  by  letting  it  fall  from  a  sieve, 
or  by  charging  it  with  COg  under  pressure. 

Boiling  removes  temporary  hardness  and  destroys 
microbes,  and  therefore  specific  contagia.  Some  of 
the  organic  matter  is  carried  down  with  the  calcium 
carbonate.  Boiled  water  tastes  flat,  and,  like  distilled 
water,  needs  aeration.  Lime  is  thrown  down  more 
Gomjiletely  if  sodium  carbonate  be  added. 

Chemical  2yi'ocesses  are  for  the  most  part  intended 
to  remove  excess  of  lime.  Hard  water  may  be 
softened,  and  at  the  same  time  deprived  of  all  sus- 
pended matter,  organic  or  mineral,  by  adding  about 
six  grains  of  alum  per  gallon.  Calcium  sulphate  and  a 
bulkyprecipitate  of  aluminium  liydrate  are  formed,  and 
carry  down  suspended  matters.  If  no  calcium  carbonate 
is  present,  calcium  chloride  and  sodium  carbonate  must 
be  added  previously.  Percliloride  of  iron  (2i  grains 
per  gallon)  acts  similarly. 

Clark's  process. — Hard  waters  may  be  softened 
upon  the  large  scale  in  reservoirs  by  adding  one  ounce 
of  quicklime  per  700  gallons,  for  every  degree  of 
temporary  hardness  per  100,000.  The  lime  and 
calcium  bicarbonate  react  to  form  insoluble  calcium 
carbonate,  and  this  carries  down  with  it  suspended 
matters.  A  similar  process  may  be  employed  on  the 
domestic  scale,  using  lime  or  washing-soda,  or  both. 

The  Porter-Clark  process  is  a  modification  of 
Clark's.  Instead  of  waiting  for  slow  subsidence, 
which  takes  ten  or  twelve  hours,  the  precipitated 
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calcium  carbonate  is  removed  rapidly  by  filtration 
through  cloth,  under  pressure. 

Filtration  aims  at  straining  ofi"  suspended 
matters,  and  oxidising  dissolved  organic  substances. 
Mineral  salts  in  solution^  such  as  sodic  chloride  or  calcic 
sulphate,  are  at  most  only  partially  removed  by  filtra- 
tion. As  a  rule,  however,  hardness  is  lessened,  together 
with  the  nitrites  and  ammonia.    Nitrates  are  increased. 

For  domestic  filtration  a  sand  filter  capable  of 
removing  suspended  matters  and  some  of  the  organic 
impurity  may  be  constructed  like  a  miniature  filter- 
bed,  in  an  ordinary  flower-pot,  with  or  without  the 
addition  of  a  layer  of  animal  charcoal  (6-12  inches 
of  fine,  sharp  sand,  superimposed  on  an  inch  or  two 
of  small  gravel).  Sponge-filters  have  deservedly 
fallen  into  disrepute  ;  they  remove  suspended 
matters,  but  become  foul,  and  harbour  organisms. 
Carbon  is  the  commonest  of  all  filtering  media ; 
and  animal  charcoal  is  believed  to  have  a  far  greater 
purifying  effect  than  vegetable  charcoal.  Many 
efficient  patterns  of  filters  are  made  essentially  of 
animal  charcoal ;  others  depend  upon  silicated  carbon, 
manganous  carbon,  magnetic  carbide  of  iron,  or  "  car- 
feral  "  (charcoal,  iron,  and  clay).  Maignen's  "  filtre 
rapide  "  has  no  carbon  block,  but  the  water  is  made  to 
pass  through  a  mixture  of  powdered  charcoal  and  lime 
(carbo  calcis),  supported  upon  an  asbestos  cloth  ;  like 
other  animal  charcoal  filters,  it  seems  to  have  the 
power  of  removing  lead.  The  medium  can  be  renewed 
without  difficulty.  Biscliof  s  spongy-iron  filter,  besides 
removing  the  organic  matter,  lessens  the  hardness,  and 
often  reduces  nitrates  to  ammonia. 

Ordinary  domestic  filters  do  not  completely  remove 
microbes,  and,  indeed,  some  charcoal  filters  appear  to 
mcrease  the  number  of  bacteria  in  water  passed 
through  them.  This  is  owing  to  the  fact  that  char- 
coal may  add  nitrogen  and  phosphates  to  water,  which 
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are  both  nutritive  substances  on  whicb  bacteria 
flourish,  and  may  absoi'b  impurities  from  the  air,  and 
thus  favour  the  growth  of  organisms  in  its  substance. 
To  remove  all  bacteria,  filters  of  a  different  class  are 
required,  with  excessively  fine  pores  through  which 
water  can  be  forced  under  pressure,  without  per- 
mitting microbes  to  pass.  Pasteur- Chambei'l and 's, 
composed  of  porcelain  formed  by  a  mixture  of  kaolin 
and  other  clays,  is  the  best  example  of  this  kind 
( Woodhead,  Horrocks) ;  the  Berkefeld  filter,  somewhat 
similar,  is  made  of  infusorial  earth.  If  much  organic 
pabulum  be  present  in  the  water,  or  the  filter  be  used 
intermittently,  or  the  water  forced  thi'ough  it,  even 
filters  of  this  kind  are  not  proof  against  microbes 
growing  through  ;  and  periodic  sterilisation  by  steam 
or  boiling  is  therefore  necessary.* 

Filtration  ujyon  a  large  scale  is  necessary  when  a 
public  water-supply  is  turbid  or  impure.  The  "filter- 
beds  "  constructed  for  this  purpose  are  essentially  shal- 
low reservoirs,  one  or  two  feet  of  water,  under-drained 
by  perforated  or  loosely -jointed  pipes,  to  reach  which 
the  water  passes  downwards  through  successive  layers 
of  fine  sand,  coarse  sand,  03'ster  shells,  fine  gravel, 
coarse  gravel,  and  pebbles,  the  total  thickness  being 
several  feet.  Vents  ai'e  carried  from  the  deeper  layers 
to  above  the  surface  of  the  water,  to  allow  of  the  escape 
of  the  air  displaced  by  the  water  as  it  first  descends. 
From  time  to  time  the  beds  are  run  dry,  for  the  purpose 
of  aeration ;  and  occasionally  they  ai'e  cleansed  by 
scraping  off  the  sediment  and  a  little  of  the  superficial 
fine  sand,  fresh  sand  being  added  when  necessary. 
The  suspended  impurities  are  strained  ofl'  by  the  upper 

*A  filter  (nUior  tlinn  Biscliof's)  s^iould  be  einiiticd  from  time  to  time  to 
])roniote  aeration,  and  requires  frequent  cleansini^  and  dccasioiiiil  renewal 
of  tlio  carbon  or  other  meiliuni.  Cleansing  may  be  efftcted  by  scrubbing 
tlic  carbon  bloelc,  If  removable,  then  running  an  acid  solution  of  potassium 
permanganate  through  it,  followed  by  copious  washing  with  very  weak 
hydrochloric  acid,  arid  Unally  several  gallons  of  water. 
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portion  of  the  filter,  and  a  certain  degree  of  oxidation 
of  organic  matter  is  effected  by  the  aid  of  nitrifying 
organisms.  Hardness  is  diminished  somewhat,  and 
iron  is  removed.  It  has  been  shown  that  filtration 
through  sand  removes  95  to  99  per  cent,  of  the  microbes 
present  in  water  (80  per  cent,  of  the  bacteria  removed 
were  found  in  the  upper  inch  of  sand,  and  55  per  cent, 
in  the  upper  quarter  inch).  If  the  gelatinous  film 
which  forms  at  the  surface  of  the  filter  is  not  dis- 
turbed, and  if  the  speed  of  filtration  does  not  exceed 
4  inches  per  hour,  practically  all  the  microbes  are 
arrested.  Those  in  the  efiluent  come  from  the  filter 
itself,  and  should  not  exceed  100  per  c.c.  [Koch.) 
Frankland  holds  that  the  efliciency  of  sand  filtration 
depends  iipon  {a)  the  storage  capacity  of  the  unfiltered 
water,  for  purposes  of  subsidence  by  sedimentation ; 
(6)  the  thickness  of  fine  sand  through  which  the 
filtration  is  carried  on  ;  (c)  rate  of  filtration ;  and 
{d)  the  renewal  of  the  filter  bed.  The  gelatinous  film 
on  the  surface  of  the  filter  is  the  vital  layer  where  the 
process  of  nitrification  and  arrest  of  bacteria  goes  on, 
and  it  is  there  that  the  filter  exerts  its  chief  efl'ect.  It 
may  therefore  be  said  that  sand  filtration  depends 
upon  four  processes  :  first,  there  is  subsidence  of  the 
grosser  particles  of  impurity  in  the  settling  tank ; 
secondly,  there  is  mechanical  obstruction  to  impuri- 
ties in  the  interstices  of  the  filter ;  thirdly,  there  is 
oxidation  of  organic  matter  in  the  pores  of  the  filter- 
bed  ;  and  fourthly,  micro-organisms  in  the  vital  layer 
on  the  surface  of  the  filter  carry  on  the  process  of 
nitrification.  The  efficacy  of  the  filtration  can  only 
be  measured  by  periodical  bacteriological  and 
cliemical  examinations.  The  former  should  include 
an  estimation  of  the  number  of  bacteria  present  per  c.c. 

Other  materials  may  be  employed  in  the  construc- 
tion of  filter-beds,  such  as  magnetic  carbide  of  iron 
covered  by  a  layer  of  sand  to  intercept  the  suspended 
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impurities.  Such  a  filter-bed  must  be  worked  slowly 
and  intermittently,  so  as  to  renew  the  aeration.  Spongy 
iron  can  be  used  on  the  large  scale,  or  "batteries" 
of  Chamberland's  filters.  At  Antwerp  "  revolving 
purifiers  "  are  used — cylinders  containing  small  loose 
pieces  of  spongy  iron,  and  having  many  projections 
from  the  inner  surface.  Their  long  axis,  upon  which 
they  rotate,  is  horizontal  or  inclined,  and  the  surfaces 
of  the  iron  masses  inside  are  kept  constantly  bright  and 
clean  by  mutual  friction.  Water  is  passed  slowly 
through  the  cylinders  as  they  revolve,  and  is  exposed 
to  tlie  action  of  the  constantly  fresh  iron  surfaces. 
Subsequently  sand  filtration  is  used  to  remove  the  iron. 
Metal  cylinders  containing  filtering  material  (known 
as  "scrubbers"),  polarite,  sand  and  polarite  mixed, 
etc.,  have  also  been  used  for  filtration  of  water. 

If  the  source  of  supply  is  a  river,  storm-  or  flood- 
water  should  be  excluded.  A  preliminary  purifica- 
tion by  subsidence  tanks  may  be  beneficial,  and  float- 
ing matters  may  be  excluded  by  admitting  the  water 
from  the  river  through  a  submerged  sluice. 

Examination  of  Water. 

Collection  of  samples. — The  amount  required 
depends  upon  the  mode  of  analysis  to  be  adopted. 
Half  a  gallon,  or  1\  litres,  will  suflice  for  almost  all 
purposes,  and  this  quantity  is  held  by  an  ordinary 
stoppered  "  Winchester  Quart."  The  bottle  is  rinsed 
out  with  a  little  hydrochloric  acid,  and  tlien  with  water 
until  the  rinsings  are  no  longer  acid.  At  the  time  of 
collection  it  is  again  rinsed  with  sample  water,  and  then 
filled  up  to  the  neck.    The  stopper  should  be  tied  in. 

In  order  to  obtain  a  fair  sample,  it  is  well,  in  the 
case  of  rivers  or  ponds,  to  plunge  the  mouth  of  the 
bottle  under  the  surface  of  the  water,  at  a  distance  from 
the  margin,  so  as  to  exclude  scum  and  debris,  care 
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being  taken  not  to  stir  up  any  sediment.  Tap  water 
should  be  allowed  to  run  for  some  time  before  sampling, 
unless  it  is  desired  to  ascertain  the  maximum  impurity. 

Accompanying  the  sample  should  be  a  more  or  less 
full  statement  of  its  source.  For,  in  addition  to  a 
chemical  and  bacteriological  report  of  a  water,  there 
should  also  be  made  a  careftd  examination  of  the 
gathering  ground.  The  physical  configuration  of  the 
gathering  ground,  its  subsoil  (the  occurrence  or  other- 
wise of  peat),  its  geology,  its  rainfall,  its  relation  to 
the  slopes  which  it  drains,  the  nature  of  its  surface, 
the  course  of  its  feeding  streams,  and  the  absence  or 
presence  of  vegetation  and  cultivated  areas,  of  roads, 
of  houses,  of  farms,  of  human  traffic,  of  cattle  and 
sheep — all  these  points  should  be  noted,  and  their 
influence,  direct  or  indirect,  upon  the  water  carefully 
borne  in  mind. 

When  the  sample  has  been  duly  collected,  sealed, 
and  a  label  affixed  bearing  the  date,  time,  and  condi- 
tions of  collection  and  full  address,  it  should  be 
transmitted  (preferably  in  an  ice-box)  with  the  least 
possible  delay  to  the  laboratory,  in  order  that  the 
examination  may  be  made  immediately. 

Physical  characters. — Water  should  be  clear 
and  bright,  free  from  turbidity  or  smell,  and  have  a 
fresh  agreeable  taste,  without  perceptible  saline  or 
other  accessory  character.  The  colour,  as  seen  by 
looking  down  upon  a  white  surface  through  a  column 
of  the  water  two  feet  in  depth,  should  bo  clear,  or 
slightly  green,  or  blue  ;  a  yellow  or  brown  tint  raises 
suspicion  of  organic  pollution. 

Natural  Waters  may  contain — 

In  suapemion — Particles  of  animal,  vegetable, 
and  mineral  origin. 
Microbes,  and  otlier  living  organ- 
isms, animal  and  vegetable. 
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In  solution — Gases. 

Mineral  salts. 

Soluble  organic  matter  of  animal 
and  vegetable  origin. 

Suspended  matters.  —  The  water  should  be 
allowed  to  stand  for  a  day  in  a  tall  glass,  and  the  sedi- 
ment then  examined  under  the  microscope.*  Particles 
of  sand  have  a  sharp  angular  outline.  Fragments  of 
chalk  and  clay  are  amorphous,  but  a  drop  of  acid  in- 
troduced beneath  the  cover-glass  will  dissolve  chalk, 
leaving  clay  unaffected.  Shreds  of  cotton  or  linen  are 
easily  recognised  under  the  microscope,  and  so  are 
fragments  of  leaves,  woody  fibre,  and  other  vegetable 
tissues,  if  not  so  decomposed  as  to  be  apparently 
structureless.  Hair,  wool,  fragments  of  insects,  and 
even  epithelial  scales  may  be  found ;  brown  globular 
bodies  attributed  to  sewage  contamination  are  some- 
times seen  in  polluted  water. 

For  the  most  part  suspended  matters  can  scarcely 
be  deemed  injurious  ;  but  some  of  them,  cotton  fibres 
for  example,  may  supply  important  evidence  of  pollu- 
tion by  household  waste,  or  even  sewage. 

L.iviiig  org-anisms. — Rhizopoda,  Infusoria,  Hy- 
drozoa,  Rotifera,  Scolecida,  Entomostraca,  and  Insecta 
are  found  in  water,  together  with  Fungi,  Algre,  Diato- 
maceifi,  and  many  other  organisms.  For  the  most 
part  these  are  believed  to  be  harmless  in  themselves, 
though  Infusoria  {e.g.  Faramecium,  Vorticella)  and 
Fungi  indicate  the  presence  of  impurities,  and  a 
relatively  large  number  or  amount  of  vegetable  or 
animal  forms  of  life  indicate  the  presence  of  organic 
pabulum  for  their  sustenance.  Among  the  parasites 
that  are   believed   to   be  conveyed  by  water  are 

•  Onfi  form  of  spdiment,  tube  is  shapmi  like  a  pipette,  the  point  of 
wliicli  llts  >  acfuinitcly  into  .1  little  glass  cup  wherein  the  sediment 
collects.  Finally  a  long  roil  is  passed  down  the  tube  so  as  to  stopper  it 
from  the  inside  at  the  point.  Tlie  cup,  containing  the  sediment  and  about 
\  c.c.  of  water,  can  then  be  removed  for  examination. 
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certain  tapeworms,  the  Guinea-worm,  Bochmius  duo- 
denalis,  Bilharzia,  and  leeches.  They  may  be  found 
in  the  adult  or  embryonic  form,  or  as  ova. 

Bncteria  in  water.— In  all  surface  waters 
bacteria  abound,  and  they  are  often  present  in  small 
numbers  in  deep-well  or  spring  waters.  Water 
bacteria  include  micrococci,  spirilla  and  bacilli,  the 
last  being  by  far  the  most  common  group.  They 
multiply  in  water  with  great  rapidity.  If  a  sample 
of  ordinary  water  be  allowed  to  stand,  it  will  be 
found  that  in  24  hours  there  has  been  enormous 
multiplication,  which  continues  for  three  or  four  days, 
until  there  may  be  hundreds  of  thousands  or  perhaps 
millions  of  bacteria  in  a  cubic  centimetre  ;  then,  the 
pabulum  and  volume  of  water  remaining  the  same, 
there  will  be  a  diminution,  until  in,  say,  two  or  three 
months'  time  there  will  be  in  all  probability  few  or 
none.  In  a  general  way  it  may  be  said  that  foul 
waters  rich  in  putrescible  animal  matter  show  a  very 
rapid  increase  of  bacteria  ;  surface  waters,  such  as 
river  water,  show  a  slow  and  persistent  multiplication 
of  organisms  ;  whereas  deep-well  waters  and  spring 
water  show  compai-atively  little  increase  in  contained 
bacteria.  The  three  chief  conditions  affecting  multi- 
plication of  bacteria,  with  few  exceptions,  are  {a) 
temperature,  (h)  period  of  time  of  standing,  and  (c) 
pabulum  in  the  water. 

Number  of  bacteria  in  water. —  Deep- 
well  water  generally  contains  but  few  bacteria  (say 
1-10)  per  c.c.  E/iver  water  varies  in  its  bacterial 
content  according  to  season  {i.e.  temperature)  and 
according  to  degree  of  pollution  of  the  river  {i.e. 
organic  pabulum).  Crookesand  Dewar  found  unfiltercd 
Thames  water  in  June,  1904,  contained  883  bacteria 
per  c.c.  (filtered,  20),  but  in  December,  5,875  per 
c.c.  (filtered,  29).  In  1903,  a  year  of  exceptionally 
heavy  rainfall;  and  therefore  of  much  surface  pollu- 
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tion  of  tlie  Thames,  the  number  of  bacteria  in  June, 
when  the  average  would  under  ordinary  circumstances 
have  been  low,  was  10,337  per  c.c.  ;  in  October  of  the 
same  wet  year  the  number  reached  16,671,  and  in 
December  27,216.  Yet  after  this  water  had  passed 
through  the  filters  the  number  was  reduced  to  42,  6G, 
and  37  bacteria  per  c.c.  respectively.  Prausnitz  has 
shown  that  waters  differ  in  bacterial  content,  as 
would  be  expected,  according  to  the  locality  in  the 
river  at  which  examination  is  made.  His  investiga- 
tions were  made  from  the  Isar  before  and  after  it 
receives  the  drainage  of  Munich,  with  the  following 
results  : — 

Above  Munich   

Near  the  entrance  of  principal  sewer 
Thirteen  kilometres  below  Munich 
Twenty -two     ,,  ,, 
Thirty -throe     ,,  „ 

In  this  country  many  similar  investigations  have  been 
made.    In  1901  Boyce  found  in  the  Severn  : 

Two  miles  above  Shrewsbury  7,000  bacteria  per  c.c,  including  13  B.  coli. 
Opposite  Shrewsbury        ..  13,000      ,,       ,,      „  46  ,, 

One  mile  andahalflowerdown  23,000      .,       ,,      „  321  ,, 

Two  miles  and  a  half    „        19,000      ,,       „      „  COO  ,, 

Nine  miles  „        13,000      „       „      „  48  „ 

Sixteen  miles  ,,         5,000      ,,       ,,      ,,  30  „ 

From  these  and  many  similar  records  it  is  evident 
that,  in  the  result,  the  number  of  bacteria  in  river 
water  depends  upon  a  variety  of  circumstances, 
amongst  which  the  most  important  direct  conditions 
are  (1)  local  pollution  ;  (2)  natural  purification  ;  (3) 
season  and  rainfall,  and  (4)  sedimentation  and  filtra- 
tion. Behind  these  direct  conditions  we  also  know 
that  time,  temperature,  light,  exposure  to  air,  etc., 
exert  more  or  less  influence. 

There  is  no  hard  and  fast  rule  as  to  how  many 
bacteria  a  potable  water  should  contain,  as  the  kind 


531  bacteria  per  c.c. 
227,369  „ 
9,111  „ 
4,796 
2,378 
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of  bacteria  and  the  relative  abundance  of  each  species 
are  more  important  data  than  actual  numbers.  Koch, 
however,  has  suggested  100  bacteria  per  c.c.  as  a 
maximum  number  for  a  properly  filtered  water. 
Mace  proposed  a  standai-d  of  0-50  per  c.c.  as  "very 
pure,"  and  50-500  per  c.c.  as  "  good  water."  Esti- 
mations of  water  based  only  upon  counting  "colonies  " 
of  bacteria  in  plate  cultures  are  of  little  value,  but 
other  things  being  equal  and  constant,  a  small  number 
of  organisms  tends  to  indicate  a  small  degree  of 
oi-ganic  pollution  and  conditions  unfavourable  to  the 
multiplication  of  bacteria.  Broadly,  it  is  true  that  a 
water  containing  a  large  degree  of  organic  matter,  the 
pabulum  of  bacteria,  will  contain  a  higher  number  of 
bacteria  than  a  water  containing  a  low  degree,  and 
this,  of  course,  is  the  scientific  reason  for  quantitative 
estimations. 

Species  of  bacteria  in  water. — There  are 
three  chief  groups  of  water  bacteria,  as  follows  : — 

(i.)  Ordinary  water  bacteria,  including  the  fluores- 
cent bacilli,  liquefying  and  non-liquefying,  many  of 
the  common  chromogenic  organisms,  and  organisms  of 
air  and  soil.  They  are  of  little  importance  unless 
present  in  large  numbers,  and  they  possess  no 
pathogenic  power. 

(ii.)  Sexvagehacteria,  including  B.  coli  comtmtnis  and 
its  allies,  ihQ  Proteus  family,  B.  enter itidis  sporogenes  of 
Klein,  and  certain  streptococci  and  staphylococci.  The 
most  important  member  of  this  group  is  B.  coli.  This 
is  a  motile,  non-spore-bearing  bacillus,  possessing  a 
limited  number  of  flagella,  capable  of  fermenting 
glucose  and  lactose,  of  curdling  milk  with  the  pro- 
duction of  acid,  of  forming  indol  in  broth  culture, 
reducing  neutral  red  broth  with  the  production  of  a 
green  fluorescence,  producing  gas-bubbles  in  nutrient 
gelatine,  forming  a  more  or  less  brownish  growth 
on  steamed  potato,  and  producing  on  the  surface  of 
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gelatine  a  dry,  translucent  growth  which  does  not 
liquefy  the  medium.  The  bacilli,  under  the  micro- 
scope, appear  as  cylindrical  rods,  showing  more  or 
less  motility,  having  a  few  short  flagella,  and  they  do 
not  stain  by  the  method  of  Gram. 

The  important  point  is  the  differential  diagnosis 
of  B.  coli,  and  the  following  chai-acters  are  now 
commonly  relied  upon  : — 1.  The  B.  coli  group  is  non- 
sporing  and  non-liquefying.  2.  The  members  of  the 
group  rarely  stain  by  Gram's  method.  3.  They  pro- 
duce acid  and  gas  with  both  glucose  and  lactose. 
4.  They  produce  acid  in  milk,  and  they  usually  also 
coagulate  it.  5.  They  produce  acid  and  gas  in  bile- 
salt-glucose-broth.  G.  They  grow  well  at  a  tempera- 
ture of  24°  C.  Other  fairly  reliable  features  are 
motility,  a  small  number  of  flagella,  a  fairly  typical 
growth  on  potato,  and  more  rapid  development  on 
all  media  than  the  typhoid  bacillus.  It  is  also 
desirable  to  remember  the  characteristics  of  the 
three  groups  of  bacilli  most  readily  confused  with 
the  coli  gi'oup.  These  with  their  characteristics 
are  as  follows  : — 

(a)  The  Proteus  group,  the  members  of  which  are 
motile,  liquefy  gelatine,  produce  gas  in  glucose  and 
saccharose  but  not  in  lactose,  curdle  and  acidulate  milk 
very  slowly,  and  usually  produce  indol  ;  (6)  the  group 
including  B.  lactis  ai^rogenes,  non-motile  bacilli, 
which  do  not  ■  liquefy  gelatine  but  which  curdle 
and  acidulate  milk  ^and  ferment  sugars  other  than 
glucose  ;  and  {c)  the  cnteritidis  group,  containing  bacilli 
which  are  motile,  which  only  ferment  glucose,  and 
which  do  not  liquefy  gelatine  or  curdle  milk,  which  is 
ultimately  rendered  alkaline.  This  group  includes 
B.  enteritidis  of  Gaertner,  the  paracolon  and  the 
paratyphoid  bacilli. 

Streptococci  in  water  usually  denote  recent  and 
dangerous  pollution  of  water  with  sewage  matter. 
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They  are  absent  from  even  large  quantities  of  pure 
water  and  fi'om  virgin  soils. 

(iii.)  Pathogenic  bacteria.  —  The  two  chief  types 
are  the  typhoid  bacillus  and  the  cholera  bacillus.  As 
a  rule  pathogenic  germs  occur  in  water  scantily 
and  intermittently.  They  gain  access  at  the  source 
or  gathering  ground,  in  the  course  or  from  drainage 
and  sewers,  or,  thirdly,  in  the  home  of  the  con- 
sumer. 

Bacteriolog^ical  Examination  of  Water. — 

Strict  cleanliness  must  be  observed  in  collecting  samples  for 
bacterioscopic  examination.  Only  sterilised  vessels  or  flasks 
must  be  used '(by  heating  to  150°  C.  for  2-3  hours),  and  great 
care  must  be  taken  in  manipulation  at  time  of  collecting  the 
sample  in  order  to  avoid  the  smallest  degree  of  external 
pollution.  The  object  of  bacteriological  examination  of  water 
is  fourfold,  [a)  The  average  number  of  microbes  per  c.c.  on 
a  medium  incubated  at  room  temperature  (18-22°  C);  {b) 
search  for  B.  coli  and  its  identification  in  0"1,  I'O,  and 
10  c.c;  (c)  enumeration  of  bacteria  capable  of  growing  at 
blood-heat  (36-38°  C.) ;  {d)  search  for  and  enumeration  of 
special  microbes.  Small  quantities  of  the  water  to  be 
examined  (0-1,  0-2  or  0-3  c.c.)  are  added  to  tubes  of  sterile 
liquefied  gelatine,  which  are  then  poured  into  sterilised  Petri 
dishes.  The  gelatine  solidifies,  and  the  plates  arc  incubated 
at  20°-22°  C.  and  examined  day  by  day.  Soon  after  the 
lapse  of  24  hours,  colonies,  arising  from  original  individual 
bacteria,  appear.  These  are  examined  by  naked  ej'e  and 
microscope,  and  subcultures  made  in  test-tubes  containing 
suitable  media  —  gelatine,  broth,  milk,  agar,  bile  and  sugar 
media,  etc.  Thus  the  number  of  organisms  per  c.c.  can  be 
estimated,  and  the  species  isolated  and  separately  studied 
in  "pure  culture"  under  favourable  conditions.  Culture 
plates  should  also  be  made  for  incubation  at  blood  heat. 
Slide  preparations,  stained  or  unstained,  should  be  made  for 
microscopical  examination. 

Some  bacteriologists  prefer  to  take  a  sterilised  Berlcefeld 
filter  and  pump  or  aspirate  through  it  1,000-2,000  c  c.  of  the 
water  under  examination,  and  with  a  sterilised  brush  transfer 
the  particulate  matter  which  has  collected  on  the  candle  of  the 
filter  into  10  c.c.  of  water  or  broth.  This  is  now  a  con- 
centration or  emulsion  of  the  organismal  content   of  the 
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water,  and  may  be  plated  out  as  above  or  examined  for  special 
organisms  [B.  enteriiidis  sporogenes,  £.  coli,  B.  typhosus,  strep- 
tococci, or  sewage  organisms). 

Other  bacteriologists,  aiming  mainly  at  the  detection  of 
organisms  of  intestinal  type,  examine  for  (a)  average  number 
of  microbes  per  c.c.  on  gelatin  at  20-22°  0.  on  third  day ;  (J)  , 
B.  enteriiidis  sporogenes  in  0*1,  1"0  and  10  c.c.  respectively; 
and  (c)  B.  coli  in  0-01,  O'l,  I'O,  10,  and  100  c.c.  respectively. 
Dr.  Houston,  Director  of  Water  Examination,  Metropolitan 
Water  Board,  adopts  the  above  method  and  tests  for  B.  coli  as 
follows: — Inoculate  bile-salt-glucose  peptone  with  0*1-100  c.c. 
of  water  ;  after  forty-eight  hours'  incubation  at  blood  heat  the 
presence  of  gas  necessitates  secondary  cultures  to  determine 
{a)  fermentation  of  glucose  or  lactose  or  both ;  (J)  the  produc- 
tion or  not  of  acid  ;  (c)  indol  in  pej)tone  water ;  and  [d)  negative 
result  in  saccharose  (cane  sugar). 

Oases  ill  water.— A  litre  of  water  can  dissolve 
25  c.c.  of  oxygen,  46  c.c.  of  nitrogen,  and  1,000  c.c.  of 
carbonic  acid  at  ordinary  temperature  and  pressure. 
These  gases  are  usually  present  in  natural  waters, 
but  the  proportions  are  very  variable,  being  largely 
dependent  upon  the  source  of  the  water,  the  degree 
of  pollution  and  of  exposure  to  air,  and  also  upon 
vegetable  growth  ;  chalk  and  limestone  waters  contain 
excess  of  carbonic  acid.  The  gases  in  a  pure  water  often 
contain  30  per  cent,  of  their  volume  of  oxygen. 
They  may  be  extracted  for  the  purpose  of  quantitative 
analysis  by  means  of  a  Sprengel  pump,  or  by  boiling 
the  water  for  aii  hour,  and  collected  over  a  mercurial 
trough.  Potash  will  then  absorb  the  cai-bonic  acid, 
and  potassium  pyrogallate  or  sodium  hyposulphite  will 
remove  the  oxygen,  leaving  a  residue  of  nitrogen 
alone. 

For  the  determination  of  oxygen  alone,  Thresh  adds 
measured  quantities  of  sulphuric  acid,  sodic  nitrite,  and 
potassic  iodide,  to  a  measured  volume  of  water  (about  250  c.c), 
in  a  vessel  whicli  must  be  full  to  the  stopper,  so  as  to  exclude 
atmospheric  oxygen.  The  nitrous  acid  acts  as  a  "  carrier " 
until  all  the  dissolved  oxygen  is  exhausted,  liberating  a 
proportionate  amount  of  iodine.    The  water  is  then  run  into  a 
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bottle,  through  which  a  current  of  coal  gas  is  being  passed,  and 
standard  hyposulphite  is  added  from  a  burette  untU  the  yellow 
colour  due  to  iodine  disappears,  the  final  point  being  accurately 
determined  by  adding  a  little  starch,  which  gives  a  blue  colour 
as  long  as  any  trace  of  free  iodine  remains.  The  hyposulphite 
solution  is  of  such  strength  (7'75  grammes  per  litre)  that  1  c.c. 
corresponds  to  \  mgr.  of  oxygen.  A  correction  is  required  for 
the  oxygen  contained  in  the  reagents  used,  a  blank  test  being 
made  for  the  purpose.  The  amount  of  dissolved  oxygen  per 
litre  of  water  is  then  readily  calculated. 

Sulphuretted  hydrogen  or  marsh  gas  may  be  found, 
the  former  due  to  minei^al  sulphides  such  as  pyrites, 
or  to  decomposition  of  sulphates  by  organic  matter,  the 
latter  to  fermentation  of  vegetable  matter  in  stagnant 
pools,  or  to  pollution  by  coal-gas.  Traces  of  ammonia 
are  usually  present. 

Well  aerated  waters  are  bright,  lustrous,  and 
agreeable  to  the  palate.  This  is  especially  the  case 
with  water  from  wells  or  springs,  of  medium  depth,  in 
calcium  carbonate  formations — the  low  temperature 
and  greater  pressure  combining  to  increase  the  charge 
of  carbonic  acid.  The  absence  of  dissolved  gases  in 
distilled  water  renders  it  flat,  dull,  and  unpleasant  to 
taste. 

Mineral  salts  are  derived  from  th^  strata  with 
which  the  water  has  been  in  contact.  They  may 
include  chlorides,  sulphates,  carbonates,  silicates, 
nitrates,  nitrites,  and  phosphates,  the  bases  being  lime, 
magnesia,  soda,  potash,  alumina,  or  iron,  and  more 
rarely  lead,  zinc,  copper,  manganese,  or  arsenic. 

The  proportion  of  salts  present  ranges  from  prac- 
tically nil  in  rain-water,  or  pure  moorland  water,  to 
300,  or  more,  parts  per  100,000  in  "mineral  "  waters 
or  brackish  water  from  the  coast.  In  water  for  drink- 
ing it  should  not  exceed  60  parts  per  100,000,  and  a 
good  water  will  not  contain  more  than  about  40  parts. 
An  excess  of  mineral  salts  in  general  leads  to  digestive 
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disturbances,  iii  the  form  of  dyspepsia,  diarrhoea,  or 
constipation  ;  but  this  effect  is  largely  dependent  ujjon 
the  nature  of  the  salts  present. 

Chlorides,  estimated  as  chlorLne,  may  reach  the 
proportion  of  10  parts  per  100,000  in  organically 
pure  water  from  the  New  Red  Sandstone,  Greensand, 
and  other  saliferous  formations.  Brackish  water  and 
sea  water  contain  excess  of  clilorine.  In  general,  how- 
ever, good  waters  contain  not  more  tlian  about  2  or  3 
parts  per  100,000,  and  rain-water  and  peaty  watei-s 
little  or  none.  Water  from  surfaces,  shallow  wells, 
or  other  sources  open  to  contamination  should  be 
regarded  with  suspicion  if  it  contains  more  than  10 
parts  of  chlorine,  especially  if  there  is  also  excess  of 
organic  matter  or  oxidised  nitrogen,  all  these  being 
significant  of  sewage  or  animal  pollution. 

Tests. — I. — Qualitative. — A  solution  of  silver  nitrate  gives 
a  tui'Mdity  or  a  precipitate  -according  to  the  amount  of 
chlorine  present. 

II. — Quantitntivc.—A.  standard  solution  of  silver  nitrate  is 
employed,  containing  4*788  grms.  per  litre,  so  that  each  c.c. 
corresponds  to  1  mgr.  of  chlorine,  according  to  the  equation 
AgNOj  -t-  NaCl  =  NaN03  +  AgCl.  A  hundred  c.c.  of  sam])le 
water  are  taken  in  a  white  jjorcelain  dish,  a  few  drops  of  a 
solution  of  potassium  chromate  are  added  as  an  "  indicator,"  and 
the  silver  solution  is  then  dropped  in  fi-om  a  turette,  with 
constant  stirring,  until  a  faint  permaneut  red  tinge  appears, 
showing  that  the  chlorine  is  exhausted,  and  silver  chromate 
is  beginuing  to  be  formed  in  place  of  cliloride.  If  the  100  c.c. 
of  sample  water  take  x  c.c.  of  silver  solution  before  the  red 
tint  appears,  there  are  x  mgr.  of  chloiiue  in  the  100  c.c,  and, 
therefore,  x  x  10  mgrs.  per  litre.* 

Sulphates  are  usually  estimated  as  sulphuric 
anhydride,  SO3.  The  most  important  are  calcium  and 
magnesium  sulphate,  which  are  liable  to  cause  dyspepsia 
and  diarrhoea  in  persons  unaccustomed  to  the  use 

•  1  iiiRr.  per  litre  =  O"!  part  per  100,000,  nnd  1  grain  per  gallon  =  1  part 
per  70,000.  Hence  x  grains  per  gallon  =  x  mgrs.  per  litre,  ami  y  ingrs. 
per  litre  =  iJn  y  grs.^ier  gallon. 
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of  water  containing  iliese  salts.  Hence  limestone  and 
dolomite  waters,  which  may  hold  5  to  20  parts  per 
1 00,000  of  calcium  sulphate,  are  less  wholesome  than 
chalk  water,  which  contains  none.  .  Dolomite  water 
diflfers  from  limestone  water  in  containing  magnesium 
sulphate,  but  less  calcium  sulphate.  Some  waters  con- 
tain sodium  sulphate.  The  acidity  of  certain  peaty 
moorland  waters  that  act  upon  lead  has  b.eeii  attri- 
buted to  the  formation  of  acid  sulphates  by.  the 
oxidation  of  sulphides  (pyrites)'  or  of  sulphurous  acid 
absorbed  from  smoky  air. 

Tests. — I.  —  Qualitative. — A  solution  of  barium  chloride, 
with  a  few  drops  of  hydrochloric  acid,  will  give  a  white 
precipitate. 

II. —  Quantitative. — 200  c.c.  of  sample  water  are  boiled, 
treated  with  a  little  hydrochloric  acid,  and  slight  excess  of 
barium  chloride  solution,  and  then  boiled  again  and  filtered. 
The  precipitate  collected  on  the  filter  is  washed,  ignited, 
and  weighed  as  barium  sulphate,  BaS04.  Given  the  weight  of 
BaSO^  from  200  c.c,  the  corresponding  proportion  of  SO3  per 
litre  will  be  readily  calculated. 

Carbonates*  —  Soluble  calcium  bicarbonate, 
CaHo(CO.,).2,  is  found  in  almost  all  well  and  spring- 
waters.  It  occurs  in  excess  in  chalk,  limestone,  and 
dolomite  water,  but  it  is  wanting  in  rain  and  peaty 
water.  It  is  precipitated  by  boiling,  in  the  form  of 
normal  calcium  carbonate,  CaCOg.  Magnesium  bicar- 
bonate, MgH2(C03).7,  found  in  dolomite  water^  behaves 
similarly,  but  partially  redissolves  on  cooling.  Sodium 
carbonate  is  occasionally  found  in  natural  waters, 
and  may  give  them  an  alkaline  reaction.  Free 
carbonic  acid  exists  in  all  waters,  and  if  in  excess 
renders  them  sparkling  and  palatable.  Apart  from 
this,  the  importance  of  the  carbonates  in  water 
depends  entirely  upon  the  bases  they  contain.  The 
determination  of  temporaiy  hardness  will  show  the 
amount  of  calcium  and  magnesium  carbonates. 
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Silicates  of  soda  or  alumina  are  occasionally  ! 
found  in  water.  i 

Test. — Half  a  litre  of  sample  water  is  cA-aporated  to  dry-  ; 

ness  ;  the  residue  is  acted  upon  by  strong  hydrochloric  acid,  and  ' 

washed  with  boiling  distilled  water;  then  it  is  once  more  dried,  ; 

ignited,  treated  with  acid,  and  washed  with  boiling  water.  \ 
The  final  residue  is  silica,  and  may  be  weighed  as  such  after 

drying.  "  : 

Nitrates  and  nitrites,  like  chlorides,  are  harm-  ; 
less  in  themselves,  but  if  found  in  a  water  exposed  to  ; 
risk  of  pollution  may  suffice  to  condemn  it  for  use. 
Nitrates  may  be  found  in  pure  water  from  deep  wells 
in  the  chalk,  but  as  a  rule  they  are  due  to  oxidation  ,  \ 
of  nitrogenous  organic  matter  of  animal  origin.  Even 
if  accompanied  by  only  a  small  proportion  of  organic 
matter,  nitrates  in  water  from  a  source   open  to  : 
suspicion  must  be  regarded  as  oxidised  tilth,  which  [ 
may  at  any  time  be  followed  by  unoxidised  filth.  \ 

Frankland  emphasised  this  view  by  recording  all  ■ 
the  inorganic  nitrogen  present,  whether  in  the  form  of 
nitrates  or  nitrites,  or  ammonia,  as  due  to  previotit 
sewage  contamination,  irrespective   of  its  pi-obable  i; 
origin,  recent  or  remote.    He  makes  a  deduction,  M 
however,  of  0"032  part  per  100,000,  as  the  average  li 
amount  of  nitrogen  in  the  rain-water  which  must  ■ 
have  been  the  ultimate  soiirce  of  supply.  Average 
London  Sewage  is  estimated  to  contain  about  10  parts 
of  nitrogen  in  100,000  of  sewage,  so  that  1  part  of 
nitrogen  represents  "  previous  sewage  contamination  " 
to  the  extent  of  10,000  parts. 

An  example  will  make  the  mode  of  calculation  clear.  A 
sample  of  water  is  found  to  contain  3-1322  parts  of  oxidised 
nitrogen  {i.e.  nitrogen  as  nitrites  and  nitrates)  per  100,000 
parts  of  the  water ;  and  also  0-0034  part  of  ammonia,  which  is 
obviously  equivalent  to  0-0028  part  nitrogen.  The  "  inorganic 
nitrogen"  is  therefore  3  1322  +  0-0028.  or  3-1350  parts  per 
100,000.    From  this  must  be  deducted  0-032,  as  a  correction  , 
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for  the  nitrogen  in  average  rain-water,  leaving  3 '1030  inor- 
ganic nitrogen,  and  this  multiplied  by  10,000  gives  31,030  (per 
100,000)  of  "previous  sewage  contamination."  In  other 
words,  if  31,030  parts  of  average  London  sewage  had  been 
diluted  with  68,970  parts  of  average  rain-water,  and  all  the 
nitrogen  then  converted  into  nitrates,  nitrites,  or  ammonia, 
the  result  would  be  a  water  of  the  composition  of  the  sample, 
so  far  as  the  proportion  of  inorganic  nitrogen  is  concerned. 

The  process  of  nitrification,  by  which  nitrogenous 
organic  matter  in  water  or  in  the  soil  is  oxidised, 
with  formation  of  nitrates,  is  due  in  great  measure  to 
the  action  of  microbes.  Under  other  conditions,  which 
are  not  clearly  understood,  nitrates  may  be  reduced  by 
microbes  or  by  contact  with  oxidisable  matter,  yielding 
nitrogen  or  even  ammonia. 

Nitrites,  as  a  rule,,  indicate  more  recent  and 
therefore  more  dangerous  pollution  than  can  be 
inferred  from  the  presence  of  nitrates.  They  readily 
pass  into  nitrates. 

A  variety  of  standard  terms  has  been  proposed 
for  the  quantitative  statements  of  nitrates  and  nitrites. 
Tlie  expression  "  oxidised  nitrogen  "  is  adopted  here, 
and  is  precisely  equivalent  to  "  nitrogen  as  nitrates  and 
nitrites"  and  to  "nitric  nitrogen."  "  Previous  sewage 
contamination  "  has  already  been  explained.  Wanklyn 
gives  his  results  in  terms  of  "  nitric  acid,"  HNO.,. 

Water  from  springs  and  deep  wells  contains  upon 
an  average  about  5  parts  of  oxidised  nitrogen  per 
million,  shallow-well  waters  from  2  to  200  parts. 

Tests  fou  Oxidised  Nitrogen.* 
I.  Qualitative. 
a.  Diphenylarnine  test. — A  2  per  cent,  solution  of  diphenyl- 
amine  in  strong  sulphuric  acid  is  spread  out  in  a  thin 
layer  upon  a  white  porcelain  plate.  A  drop  of  the 
sample  water  is  allowed  to  fall  in  the  centre,  and  any 
trace  of  oxidised  nitrogen  is  revealed  in  a  few  seconds 
by  a  blue  tint  thi'oughout,  or  at  the  line  of  contact, 

*  That  is,  for  nitrates  or  nitrites  iudiirercntly. 
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^.  Sorsld/s  test. — 2  c.c.  of  pure  sulphuric  acid  are  added 
to  1  c.c.  of  the  water,  and  then  a  drop  of  pyrogallic 
acid  solution.  A  pink  or  blutj  tint  appears,  changing 
to  brown ;  it  disappears  momentarily  upon  shaking, 
but  soon  returns. 

7.  Brucine  test. — A  drop  of  pure  sulphuric  acid  and  a 
crystal  of  brucine  added  to  the  dry  residue  of  2  c.  c. 
(or  more)  of  the  water  will  give  a  pink  or  yellow  tint 
even  with  minute  traces  of  oxidised  nitrogen. 

IT.— Quantitative. 

5.  Aluminium,  process. — 2  gi-arames  of  sodium  are  dissolved 
in  100  c.c.  distilled  water  so  as  to  obtain  a  pure  solu- 
tion of  caustic  soda  free  from  nitrates;  100  c.c.  of 
sample  water  are  added  and  a  piece  of  aluminium  foil. 
In  the  course  of  a  few  hours  all  the  oxidised  nitroaren 
is  converted  into  ammonia,  which  is  distilled  off  and 
Nesslerised.  Each  mgr.  of  ammonia,  after  deducting 
the  free  ammonia  originally  present  in  the  sample, 
corresponds  to  0'82  mgr.  of  oxidised  nitrogen  in  the 
100  c.c.  of  sample. 

e  Zinc-copper  process. — Zinc  foil  is  coated  with  copper  by 
exposure  to  a  solution  of  copper  sulphate  until  it 
becomes  black.  It  is  then  put  into  a  bottle  with 
250  c.c.  of  the  sample  water  and  Ov)  grm.  oxalic  acid, 
and  left  for  twenty-four  hours.  As  in  the  aluminium 
process,  all  the  oxidised  nitrogen  is  converted  into 
ammonia  and  measured  as  such  by  Nesslerising. 

All  the  preceding  tests  ai'e  for  nitrates  and  nitrites  alike. 
The  following  apply  to  nitrites  only  : — 

1.  Ilosvay's  solution,  containing  sulphanilic  and  acetic 
acids  and  napthylamine,  is  an  extremely  delicate  test.  A  few 
drops  added  to  water  give  a  rose  tint  if  any  trace  of  nitnite  is 
,presc  nt. 

2.  One  drop  each  of  phenol  and  sulphanilic  acid  solution, 
and  then  ammonia,  will  give  a  yellow  colour. 

3.  The  addition  of  starch  solution,  potassium  iodide  solution, 
and  dilute  sulphuric  acid  causes  a  blue  lint,  due  to  liberation 
of  iodine  by  nitrous  acid  and  consequent  formation  of  iodide  of 
starch, 

4.  Meta-phenylene-diamine  solution  with  diluio  sn]])huric 
acid  (1  c.c.  of  each  to  100  c.c.  of  water)  will  give  an  orajige-red 
colour  after  standing  a  few  minutes.  {Oriess.) 
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Phosphates  are  not  of  common  occurrence  except 
in  minute  traces.  They  are,  for  the  most  part,  indica- 
tive of  remote  animal  pollution,  but  their  presence 
need  not  condemn  a  water  if  other  iiidications  are 
satisfactory. 

Test. — The  water  is  concentrated  to  g^^th,  250  c.c.  being- 
boiled  down  to  5  c.c.  Nitric  acid  is  added,  and  then  solution  of 
ammonium  molybdate.  If  phosphates  are  present,  a  yellow 
colour  will  appear,  and,  on  standing,  a  precipitate  of  ammonium 
phospho-moly  bdate. 

Sulphides  are  said  to  result  from  the  reduction  of 
sulphates  by  Beggiatoa,  and  perhaps  from  contact  with 
iron  pyrites.  Carbonic  acid  liberates  sulphuretted 
hydrogen  from  sulphides.  They  are  readily  detected 
by  smell,  and  by  the  following  : — 

Tests, — A  solution  of  lead  acetate  (or,  still  better,  a 
solution  of  lead  hydrate  in  caustic  soda)  will  give  a  black 
precipitate  in  presence  of  sulphides. 

A  solution  of  sodium  nitro-prusside  will  give  a  purple  colour 
with  sulphides,  but  not  with  free  sulphuretted  hydrogen.  It 
is  therefore  safer  first  to  add  caustic  alkali. 

Lime  is  the  most  important  of  the  mineral  con- 
stituents of  drinking  water.  It  occurs  mainly  as 
bicarbonate  and  sulphate ;  a  good  water  should  not, 
as  a  rule,  contain  more  than  20  parts  per  100,000 
of  the  former,  or  5  of  the  latter.  In  excess  it 
causes  constipation  when  used  for  drinking,  and  is 
wasteful  for  washing  purposes,  since  it  renders 
the  water  extremely  hard  unless  previously  boiled. 
On  the  other  hand,  absence  of  lime  salts  is  held  to  be 
disadvantageous,  because  lime  is  required  in  the  system, 
and  also  for  the  more  practical  reason  that  soft  waters 
are,  as  a  rule,  less  palatable  than  those  of  moderate 
hardness,  and  often  dissolve  lead  from  household  ser- 
vice ]npes.  Horses  are  said  to  become  rougli  in  the 
coat  if  suppli(!d  with  voxy  hard  water.  Calcium 
sulphate    is    injurious    (as    already    stated),  and 
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renders  water  permanently  hard.  Calcium  nitrate  and 
butyrate  have  been  found  in  waters  tJiat  have  caused 
diarrhoea  and  other  symptoms  of  intestinal  irritation. 

Test. — Ammonium  oxalate  sohition  will  give  a  turbidity 
or  a  precipitate  according  to  the  amount  of  lime  added. 
This  precipitate  from  a  measured  quantity  of  sample  may  bo 
collected  on  a  filter,  washed,  dried,  ignited,  and  then  weighed 
as  calcium  oxide. 

Mag'iicsia  occui^s  chiefly  as  carbonate  and  sul- 
phate, in  water  derived  from  magnesian  limestone.  It 
renders  water  hard,  and  although  "the  carbonate  is 
thrown  down  by  boiling,  it  re-dissolves  on  standing. 
Magnesium  salts  cause  dyspepsia  and  diarrhoea. 

Tests. — All  the  lime  is  first  removed  by  adding  powdered 
oxalate  of  ammonia,  and  filtering. 

[a)  The  filtrate  is  tested  for  hardness  in  the  usual  way. 
Any  hardness  beyond  that  of  pure  water  is  due  to  magnesia, 
and  each  "degree"  corresponds  to  0.56  grain  of  magnesium 
carbonate  per  gallon. 

(i)  To  the  filtrate  are  added  sodium  phosphate,  ammonium 
chloride,  and  excess  of  pure  ammonia.  In  twentj'-four  hours 
the  precipitate  of  triple  phosphate,  NH^lMgPO^,  is  collected, 
washed  on  a  filter  with  strong  ammonia,*  ignited,  and  weighed 
as  magnesium  pyrophosphate  (MgO)2Po03. 

Soda  salts  are  almost  omnipresent,  and  few  waters 
are  free  from  sodium  chloride  in  small  amount.  Tlie 
sulphate  occurs  in  excess  in  some  mineral  waters,  and 
the  carbonate  also  is  common,  sometimes  in  suflicient 
quantity  to  render  the  water  alkaline. 

Iron  is  an  occasional  ingredient  in  natural  waters, 
to  which  it  gives  a  characteristic  inky  (chalybeate) 
taste.  It  is  also  frequently  derived  from  iron  tanks  or 
pipes  through  which  the  water  has  passed.  Water  is . 
unsuitable  for  drinking  if  it  contains  more  than  one 
grain  of  iron  per  gallon — that  is,  1*5  parts  per  100,000. 

•  Triple  plio.spliatc  is  soluble  in  water.     It  is  necessary  to  allow 
1  mgr.  of  magnesium  phosphate  as  lost  for  every  50  c.c.  of  wash. 
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Ferruginous  waters  are  said  to  be  liable  to  cause 
dyspepsia,  headache,  and  malaise  in  those  unaccustomed 
to  their  use.    Iron  adds  to  the  hardness  of  water. 

Tests. — I.  Qualitative. — Ammonium  sulphide  gives  a  dark 
colour  (lost  on  adding  acid),  potassium  ferrocyanide  a  hlue,  and 
potassium  sulphocyanide  (after  acidulating  with  nitric  acid)  a 
red  tint. 

II.  Quantitative. — A  standard  solution  containing  1  mgr. 
of  iron  in  1  c.c.  is  made  by  dissolving  4-96  gi-m.  of  crystallised 
ferrous  sulj^hate  in  a  litre  of  water ;  if  greater  precision  is 
desired,  the  solution  may  be  diluted  to  -jy,  so  that  1  c.c.  = 
mgr.  of  iron.  50  c.c  of  sample  water  and  50  c.c.  of  distilled 
water  are  placed  in  Nessler  glasses  (page  78)  side  by  side,  and 
to  both  a  trace  of  ammonium  sulphide  is  added.  The  black  tint 
produced  in  the  former  is  exactly  matched  in  the  latter  by 
adding  successive  c.c.  of  iron  solution  until  the  right  shade  is 
reached.  The  amount  added  (to  the  50  c.c  )  being  known,  the 
proportion  per  litre  (i.e.,  j^er  1,000  c.c.)  will  bo  just  twenty- 
fold,  and  will  give,  of  course,  the  milligrammes  per  litre,  or 
parts  per  million,  of  iron  in  the  sample  water. 

Lead,  rarely  present  in  natural  waters,  is  some- 
times absorbed  from  leaden  pipes  or  cisterns.  The 
action  is  })roliably  twofold.  First,  the  metal  is  acted 
upon  by  the  oxygen  dissolved  in  the  water,  aided 
possibly  by  oxidised  nitrogen  serving  as  a  "carrier" 
of  oxygen.  Next,  the  lead  oxide  thus  formed  may  be 
dissoh  ed,  more  readily,  of  course,  if  the  water  be  acid, 
or  may  be  washed  away  by  the  current  in  a  state  of 
fine  powder.  If,  however,  the  water  contains  calcium 
carbonate  there  is  formed  on  the  surface  of  the 
lead  a  protective  coating,  insoluble  and  not  readily 
dislodged.  Hence  it  is  found  that  plumbo-solvent 
action  is  comparatively  rarely  associated  with  well 
or  spring  or  river  waters,  but  quite  commonly 
with  rain-water  or  soft  moorland  watei\s,  especially  if 
they  have  an  acid  reaction.  Moorland  gatheiing 
grounds  are  usually  rich  in  peat  which  has  an  acid 
reaction,  and  thus  water  draining  from  it  is  acid  and 
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affects  lead.  Nitrates,  chlorides,  or  excess  of  carbonic  ! 
acid  have  been  found  to  increase  the  corrosion,  while  ? 
silicates  and  many  other  substances  exert  some  pro-  • 
tective  action. 

The  acid  reaction  and  consequent  intense  plumbo-  , 
solvent  effect  of  certain  moorland  waters  has  been 
attributed  to  acid  sulphates  (due  to  the  oxidation  of  [ 
iron  pyrites,  FeSo  +  HoO  +  70  =  FeSO^  +  H.SOJ, 
to  sulphurous  or  other  acid  in  rain,  or  to  the  in- 
definite acid  compounds  found  in  soil,  and  sometimes  i 
termed  humic  and  ulmic  acid.    In  some  cases  it  is 
caused  by  excess  of  carbonic  acid ;  but  in  the  main 
the  acidity  is  that  of  peat,  due,  according  to  Houston,  \ 
to  acid  producing  bacteria  in  the  peat.    He  has  shown  i 
that  a  mixture  of  micro-organisms  obtained  from  peat,  ; 
when  introduced  into  a  sterile  decoction  made  solely  u 
from  peat,  not  uncommonly  renders  the  peat  decoc-  j 
tion  acid  and  plumbo-solvent  in  character.    Furtlier,  I 
Houston  has  isolated  two  non-motile,  non-liquefying  > 
bacteria  from  peat  soil  which  possess  separately  the  I; 
properties  as  regards   acidity  and  plumbo-solvency 
observed  in  the  mixture  of  peat  microbes.    Acidity  in 
water  is  more  marked  in  the  first  flow  when  rain 
follows  drought,  owing  no  doubt  to  the  washing  out  of 
the  acid  accumulated  in  the  peat  ;  and  least  marked 
in  dry  weather,  when  the  contribution  from  spring.s  is 
relatively  largest.  Where  peat  is  abundant,  and  springs 
are  relatively  few  and  small,   acidity  and  plumbo- 
solvent  ability  may  be  anticipated.      But  in  the 
absence  of  carbonate  of  lime,  the  power  of  acquiring 
lead  is  shared  in  considerable  degree  by  many  neutral 
and  even  slightly  alkaline  moorland  waters,  including 
tliosfi  in  which  the  acid   peat  washings  liavc  b(M>n 
neutralised  by  admixture  with  spring  water.  Tidy 
and  Odling  attributed  the  lead-dissolving  power  to 
tlie  absence  of  silica,  and  brought  forward  evidence  to 
show  that  this  inverse  relationholds  good  in  a  number  of 
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water  supplies.  There  are,  however,  many  exceptions. 
Even  distilled  water,  or  solution  of  sodium  cai'bonate 
in  distilled  water,  will  attack  lead. 

In  1887  Sinclair  White  called  attention  to  the 
prevalence  of  plumbism  among  the  consumers  of  the 
high-level  water  at  Sheffield,  and  disastrous  conse- 
quences have  resulted  in  other  Yorkshire  towns  from 
the  distribution  of  plum  bo-solvent  water  through  lead 
pipes. 

Various  remedial  measures  have  been  tried.  One 
plan  is  to  expose  the  water  to  fragments  of  limestone, 
and  conduits  have  been  lined  with  the  same  material, 
but  it  soon  becomes  inert,  owing  to  incrustation, 
and  frequent  renewal  of  the  surface  is  necessary. 
Measured  quantities  of  lime  have  also  been  added 
(2  to  3  grs.  to  the  gallon).  A  more  effective  method 
is  to  add  powdered  chalk  or  whitening  (1^  grs.  to  the 
gallon),  while  in  some  instances  carbonate  of  soda  is 
used  (500  gallons  of  soda  solution,  1  lb.  to  the  gallon, 
are  added  to  one  million  gallons  of  acid  water).  1  n 
some  towns  reliance  is  placed  upon  filtration  through 
calcareous  sand,  which,  however,  becomes  exhausted 
in  time  and  needs  renewal.  In  pursuance  of  Tidy's 
hypothesis,  the  water  has  been  charged  with  traces  of 
silica  by  filtration  through  powdered  granite  or  flint. 
It  is  at  least  possible  that  the  mischief  is  not  always 
due  to  the  same  cause,  and  that  no  one  line  of  treat- 
ment is  suitable  in  all  cases.  Houston  recommends 
ordinary  sand-filtration,  with  the  addition  of  some 
neutralising  material  to  the  filter  (e.^.,  a  thin  coating 
of  lime  on  the  surface  of  the  sand  with  limestone 
underneath  the  sand)  and  the  sulisequont  addition  of 
a  Irarc,  of  sodium  carbonate  to  the  neuti-al  filtered 
Avater. 

Many  waters,  fortunately,  are  sufficiently  pro- 
tected 1)y  the  salts  they  contain.  Calcium  sulphate 
is  less  protective  than  the  carbonate,  and  magnesium 
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less  than  calcium  salts.  A  crust  is  formed  upon  the  \ 
interior  of  lead  pipes,  composed  of  carbonate  and  sul- 
phate of  lead,  lime,  and  magnesia  (or  such  of  them 
as  are  present  in  the  water),  and  chloride  of  lead.  : 
Carbonate  of  lead  is  difficult  of  solution  except  in  water 
cliarged  with  excess  of  carbonic  acid  under  pressure. 
Pipes  which  are  new,  which  are  bent  against  the  grain, 
or  which  are  alternately  full  and  empty,  are  more 
attacked  than  others.  The  maximum  amount  of  lead 
is  found  in  water  that  has  stood  for  some  time  in  the 
pipes,  over-niglit  for  example.  Lead  is  now  chemically 
purer  than  was  usual  in  former  years,  owing  to  the 
profitable  removal  of  silver  and  other  metals  with 
which  it  is  found  associated,  and  it  would  appear  that 
the  piirer  lead  is  more  readily  acted  upon  by  water. 

Many  substitutes  for  ordinary  lead  pipes  are 
now  available,  and  where  there  is  any  tendency  to 
solvent  action  one  or  other  of  these  should  be  adopted. 
Compound  pipes  have  long  been  in  use,  the  interior  of 
which  is  block -tin  and  the  exterior  lead ;  the  two 
metals  are  solidly  united  throughout,  and  the  pipe  can 
be  bent  without  fracturing  the  tin.  A  less  reliable 
protective  lining  to  lead  pipes  may  be  found  in  tar 
or  bitumen.  Iron  pipes  are  more  satisfactory  in 
every  respect,  except  their  rigidity,  which  renders 
them  ditticult  to  adapt  to  the  bends  and  turns 
that  are  needed  in  houses.  Plain  iron  pijies  may  be 
emi)loyed,  with  some  risk  of  trouble  from  rusting, 
'fin- lined,  glass-lined,  or  galvanised  iron  pipes  may 
be  used,  and  among  other  protecti\^e  coatings  may 
be  mentioned  Ansrus  Smith's  varnish  and  collodion. 
Theoretically,  the  rustless  Barff  iron  offers  the  greatest 
advantages  for  this  purpose ;  iron  pipes  of  ordinary 
construction  are  exposed  while  hot  to  superlieated 
steam,  and  thereby  act^uire  a  thin  coating  of  magnetic 
oxide,  Fe.^O.p  which  renders  them  free  from  liability 
to  rust  as  loug  as  the  coating  is  unbroken.  Uufortu- 
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nately  the  film  is  easily  clislodgecl  iji  the  process  of 
fitting.  If  it  is  not  possible  to  change  the  supply  of 
water,  or  to  prevent  it  by  chemical  means  from  acting 
upon  lead,  or  to  keep  it  from  coming  iiT.to  contact  with 
lead,  recourse  must  be  had  to  palliative  measures,  The 
water  must  always  be  run  off  for  a  few  minutes  in  the 
moniing,  and  again  before  drawing  it  for  drinking  pur- 
poses. All  that  is  used  for  drinking  or  for  cooking- 
should  be  filtered  through  some  medium  containing 
animal  charcoal.  Such  filters  possess  the  power  of 
removing  lead  from  solution,  owing  probably  to  the 
phosphates  which  they  contain  forming  an  insoluble 
lead  salt. 

No  water  should  be  used  for  drinking  that  con- 
tains any  ti'ace  of  lead,  for  however  minute,  its 
presence  indicates  danger ;  moreover,  the  sample  may 
not  represent  either  the  seasonal  or  daily  maximum. 

Among  the  symptoms  caused  by  lead -poisoning  are 
anremia,  depression,  dyspepsia,  constij)ation,  colic,  and 
paralysis  of  the  extensor  muscles  of  the  hand,  leading 
to  wrist-drop.  A  characteristic  blue  line  appears  along 
the  edges  of  the  gums,  due  to  the  formation  of  sulphide 
of  lead  in  the  tissue.  Optic  neuritis  may  be  found. 
It  has  been  observed  that  abortion  is  common  in 
districts  where  lead-poisoning  prevails,  and  sometimes 
to  such  a  degree  as  materially  to  lower  the  birth-rate. 
The  relation  between  lead-poisoning  and  gout  and 
kidney  disease  is  referred  to  elsewhere. 

Tests.* — I.  Qualilativc. — {a)  HoS  gives  a  brown  tint  if  a 
trace  of  lead  is  present,  and  a  black  precipitate  if  much  ; 
neither  is  affected  by  acid,  {b)  A  solution  of  potassium  bi- 
chromate (1  grain  per  oz.)  dropped  into  a  tall  glass  of  water, 
falls  slowly,  causing  an  opaque  yellow  cloud  if  there  is  any 
lead  in  solution. 

II.  Quantitative.— K.  standard  solution  containing  0*1  mgr. 

*  Tlie  saiDiilo  should  be  the  first  pint,  or  less,  drawn  from  tlie  ]iipe  after 
Htandiu;,'  for  an  lioiir  or  Qthpr  ,statc4  pevio4  if  it  is  to  iiieasuro  the  niaxiinmn 
impurity. 
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of  lead  in  1  c.c.  is  made  by  dissolving  0'1831  p:rm.  of  crystal- 
lised lead  acetate  in  a  litre  of  distilled  water.  The  j)ro- 
cedure  is  the  same  as  in  testing  for  iron,  but  the  water  should 
be  made  acid. 

Acidity  of  water  and  pluinbo-solvenei/  should  also  be  tested 
for.  The  former  may  be  estimated  by  using  lacmoid  a.s  an 
indicator.  The  solution  is  best  made  by  dis.solving  0"2  gnns. 
of  lacmoid  in  100  c.c.  of  dilute  alcohol  (10  per  cent.).  A 
few  drops  added  to  10  c.c.  of  the  sample  of  water  at  once 
reveals  the  presence  of  the  smallest  trace  of  acid.  The  amount 
of  acid  may  be  determined  by  titrating  a  definite  quantity  of 
the  water  with  a  decinormal  solution  of  sodium  carbonate 
(5'3  grms.  NaoCO;!  per  litre). 

Plumbo-solvency  may  be  determined  in  the  following  way  : 
50  c.c.  (by  volume)  of  washed  lead  shot  are  placed  in  a  burette 
d"  X  24"),  occupying  18  in.  of  its  length;  the  sample  water 
is  allowed  to  filter  through  this  lead,  and  is  then  collected  in 
successive  quantities  of  50  c.c,  and  tested  with  sulphuretted 
hydrogen  or  with  ammonium  sulphide  for  the  presence  of 
lead. 

Zinc,  copper,  and  arsenic,  although  rarely 
occurring  in  natural  waters,  may  occasionally  gain 
access  by  means  of  trade  pollution,  or  by  the  solvent 
action  of  water  (especially  water  containing  organic 
matter,  nitrites,  and  nitrates)  upon  the  pipes  and 
vessels  with  whicli  it  comes  into  contact.  Any  trace 
of  these  substances  renders  a  water  unfit  for  drinking 
purposes. 

Tests. — Copper,  like  lead,  strikes  a  black  colour  with 
ammonium  sulphide,  not  discharged  by  acid.  It  may  be  deter- 
mined quantitatively  by  a  colorimetric  process  similar  to  those 
for  iron  and  lead,  the  standard  solution  containing  1  mgr.  of 
copper  in  each  c.c.  being  made  by  dissolving  3 -93  gnus,  of 
crystallised  copper  sulphate  in  a  litre  of  distilled  water. 

Arsenic  would  be  detected  in  the  residue  after  evaporation, 
by  the  Marsh-Berzelius  or  other  test. 

IIai'4lness  of  water  is  caused  by  the  presence  of 
salts  tliat  decompo.se  soap,  preventing  lathering  until 
sufficient  soap  is  added  to  exhaust  them.  The  chief 
of  these  are  lime  salts,  magnesium  salts,  and  carbonic 
^cid,  but  iron  and  alumina  have  a  similar  efTect.  By 
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boiling  the  water,  the  free  carbonic  acid  is  driven  off,  and 
calcium  bicarbonate  is  reduced  to  the  insoluble  carbonate 
and  precipitated ;  magnesium  bicarbonate  is  precipitated 
as  carbonate  in  like  manner,  though  it  partially  re- 
dissolves  on  cooling,  and  most  of  the  iron  is  also 
throAvn  down.  After  removal  of  this  temporary  hard- 
ness, there  remain  in  solution  calcium  and  magnesium 
sulphates  and  chlorides,  and  a  little  iron — assuming 
them  to  have  been  originally  present.  These,  with 
the  re-dissolved  magnesium  carbonate,  constitute  the 
permanent  hardness.  Soap  consists  of  alkaline  oleates 
stearates,  and  palmitates,  which  form  a  viscid  solu- 
tion in  water.  The  phenomena  of  hardness  depend 
upon  the  formation  of  insoluble  calcium  and  magnesium 
oleates,  etc. 

Hardness  is  measured  by  a  standard  soap-solution,  1  c.c.  of 
which  exactly  precipitates  1  mgr.  of  calcium  carbonate.  It  is 
found  that  1  c.c.  suflBces  to  give  a  lather  when  shaken  with 
70  c.c.  of  distilled  water,  and  anything  t)eyond  this  is  due  to 
the  hardness,  which  is  stated  in  terms  of  calciimi  carbonate. 

70  c.c.  of  the  water  is  taken  in  a  bottle  of  about  2.50  c.c. 
capacitj',  and  the  soap -solution  is  added  by  degrees  from  a 
burette,  with  vigorous  shaking  after  each  addition,  until  a 
lather  completely  covei'S  the  surface  and  remains  intact  for  five 
minutes.  The  number  of  c.c.  added,  deducting  1  c.c.  for 
lathering,  will  give  the  hardness  in  mgTS.  of  calcium  carbonate 
per  70  c.c,  that  is,  in  grains  per  gallon.*  The  permanent 
hardness  is  measured  in  exactly  the  same  way,  in  70  c.c.  of  the 
water,  after  boiling  for  half  an  hour  and  adding  distilled  water 
to  make  good  the  loss  by  evaporation.  If  more  than  16  c.c.  of 
soap-solution  arc  consumed  by  70  c.c.  of  water,  it  is  better  to 
dilute  it  by  adding  70  c.c.  of  distilled  water,  in  which  event  a 
deduction  of- 2  c.c.  must  bo  made  instead  of  1  c.c.  for  lathering 
A  "degree"  of  hardness  upon  Clark's  scale  corresponds  to  a 
grain  of  calcium  carbonate  per  gallon. 

The  disadvantages  attendant  upon  the  use  of  hard 
water  have  already  been  referred  to  in  speaking  of 

*  Hardness,  unlike  other  analytical  dala,  is  still  coiniuoiily  nxpre.s.sod 
in  grains  per  gallon.  The  conversion  into  the  standard  tornis  is  rrailily 
effected  (.see  note,  page  02),  for  instance,  from  grains  per  gallon  to  parts  per 
100,000  by  dividing  by  07. 
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lime  and  magnesia  in  water.  Temporaiy  liardness  is 
of  less  moment,  both  for  dietetic  and  washing  pur- 
poses, than  permanent  hardness  ;  it  depends  upon  tlie 
comparatively  harmless  calcium  cai'bonate,  whicli  is  re- 
moved by  boiling.  Calcium  and  magnesium  salts  have 
been  held  responsible  for  goiti-e,  which  in  certain  di.s- 
tricts,  notably  in  India,  seems  to  be  limited  to  mag- 
nesian  limestone  formations.  It  is,  however,  by  no 
means  always  prevalent  in  magnesian  limestone  dis- 
tricts, even  when  the  water  contains  abundance  of 
magnesium  salts  ;  nor  is  it  always  absent  from  districts 
free  from  limestone  formations.  Hence  many  autlior- 
ities  are  inclined  to  atti'ibute  it  to  iron  pyrites  and 
other  salts  of  iron  and  copper  often  found  m  limestone 
regions ;  while  others  consider  that  the  concurrent 
agency  of  some  organic  material,  or  a  specific 
organism,  is  necessary.  Goitre  appears  to  have  been 
developed,  under  t^he  use  of  certain  drinking  waters, 
in  as  few  as  eight  or  ten  days.  Urinaiy  calculi  are 
common  in  Norfolk  and  other  chalk  districts  where 
the  water  is  hard ;  but  the  dependence  of  the  calculi 
upon  the  hardness  of  the  water  is  far  froui  being 
established.  A  good  drinking  water  should  not  exceed 
4  degrees  of  permanent,  or  20  of  total,  hardness.  It 
is  estimated  tliat  each  degree  of  hardness  involves  a 
waste  of  upwards  of  a  pound  of  soap  for  every  1,000 
gallons  used  in  washing. 

Org;aiiic  matter  in  solution  consists  of 
animal  and  vegetable  matters  that  have  gained 
access  to  the  water,  and  of  the  pi'oducts  of  their  de- 
composition. Little  is  known  of  its  chemical  compo- 
sition, the  variety  and  complexity  of  the  components 
being  so  great  as  to  defy  analysis. 

The  presence  of  organic  matter  (or  rather,  of  oxidisablo 
matter)  may  be  shown  hy  adding  a  few  drops  of  a  solution  of 
potassium  porinanganato,  which  is  immediately  decolorised  ;  or 
by  slightly  acidulating  the  sample  water  and  boiling  it  for  20 
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minutes  with  a  few  drops  of  solution  of  chloride  of  gold,  which 
mil  give,  according  to  the  amount  of  organic  matter  present, 
a  rose,  violet,  or  olive  colour,  or  a  violet  or  black  precipitate. 

A  rough  quantitative  estimate  is  obtained  by  determining 
the  combustible  matter  in  the  "  total  solid  residue."  100  c.c. 
of  sample  water  are  measured  into  a  platinum  dish  of  known 
weight  A.  They  are  then  evaporated  to  dr^'ness  over  a  water 
bath  (after  which  the  drying  should  be  continued  in  a  water 
oven  at  100°  C.  for  an  hour  more),  and  the  weight  B  of  the 
dish  and  its  now  dry  contents  is  ascertained.  *B — A  is  the 
weight  of  the  total  solid  residue,  that  is,  of  the  organic  matter 
and  mineral  salts.  The  dish  is  next  heated  to  dull  redness,  to 
burn  off  the  organic  matter,  and  weighed  again  (C)  after  cooling. 
The  loss  on  ignition,  that  is  B — C,  will  give  the  amount  of 
organic  matter  in  the  volume  of  water  taken.*  The  proportion 
of  organic  matter  per  litre,  or  per  gallon,  is  readily  calculated 
from  these  data.  Thus, 

100  c.c.       :       1,000  c.c.        ::       B-C       :  x 
volume  taken.  a  litre.  mgrs.  lost  on 

ignition. 

o:  being  the  proportion  of  organic  matter  expressed  as  parts  per 
million,  or  milligrammes  per  litre.  During  ignition  the  organic 
matter  turns  brown,  or  even  black,  before  disappearing,  and  if 
of  animal  origin  it  gives  off  pungent  fumes. 

This  method  is  not  sufficiently  exact  for  most  quantitative 
purposes,  and  recourse  is  had  to  other  means,  of  which  the 
chief  are  : — 

Wanklyn's  ammonia  process, 

Frankland's  combustion  process,  and 

Forchammer's  oxygen  process. 

None  of  these  j)rofesses  to  give  the  total  amount  of  organic 
matter  in  water,  but  each  fixes  upon  some  one  or  more  element, 
compound,  or  propert}'-,  which  is  determined  with  precision 
and  taken  as  a  measure  or  index  of  the  total  organic  matter,  to 
which  it  is  assumed  to  bear  a  constant  ratio. 

W:iiiklyii'ii»  Aiiliiioiiia  Pi'ocess. — Most  nitro- 
genous organic  matter,  when  heated  with  permanganate  of 
potash  in  presence  of  excess  of  potash,  gives  off  a  certain  pro- 
portion of  its  nitrogen  in  the  form  of  ammonia.  Most,  if 
not  all,  of  the  injurious  organic  impurities  occurring  in  water 
may  reasonably  be  assumed  to  be  nitrogenous,  and  as  they 
yield  a  definite  and  fairly  constant  proportion  of  their  nitrogen 

*  Tliis  \a  not  .strictly  accurate,  since  water  of  cry.stallisatioii  isilriven  off 
from  the  Haline  niatter.s,  and  some  small  poi'tion  of  the  salts  may  be 
volatilised.  CarbonateH  loso  COa,  nitrates  are  icdiiced,  and  clilorine 
volatilises. 
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as  ammonia  we  have  a  very  convenient  and  dcliaite  means  of 
measuring  them.  It  still  remains,  of  course,  in  this  as  in  all  other 
indirect  processes,  to  establish  empirical  ^standards  of  purity, 
in  terms  of  the  ammonia  index. 

Certain  standard  solutions  are  required. 

A.  Standard  solution  of  ammonium  chloride,  containing 
O'Ol  mgx\  of  ammonia  in  1  c.c. 

B.  Nesslcr^s  solution  is  a  saturated  solution  of  mercuric 
iodide  in  potassium  iodide.  It  gives  a  yellowish  tinge,  with  the 
faintest  trace  of  ammonia,  and  a  yellow-Lrown  precipibite 
(NHg2T,H20)  if  more  is  present. 

"  Nesslerising  "  is  a  process  by  which  the  free  or  saline 
ammonia  in  a  sample  of  water  can  be  readily  determined  with 
great  accuracy.  Two  tall  cylindrical,  flat-bottomed  glasses, 
marked  at  50  c.c,  are  placed  side  by  side  upon  a  white  surface. 
In  one  of  them  are  placed  50  c.c.  of  the  sample  water,  and  in 
the  other  50  c.c.  of  distilled  water  free  from  any  trace  of 
ammonia.  Two  c.c.  of  Nessler  solution  are  added  to  each  glass, 
and  the  tint  struck  by  the  sample  is  exactly  imitated  by  adding 
to  the  second  glass  successive  measured  quantities  of  the 
standard  ammonia  solution  {A)  from  a  burette,  until  the  right 
tint  is  reached.  Each  c.c.  of  ammonia  solution  used  corre- 
sponds to  O'Ol  mgr.  of  ammonia  present  in  the  50  c.c.  of  the 
sample,  from  which  data  the  amount  per  litre  is  readily 
calculated. 

G.  Alkaline  permanganate  solution.  Eight  grms.  of  potassium 
permanganate  and  200  grms.  of  solid  caustic  potash  are  dis- 
solved in  a  litre  of  distilled  water. 

The  analysis  is  conducted  as  follows  : — 

Half  a  litre  of  the  water  to  be  examined,  made  alkaline  if 
necessary,  is  put  into  a  large  flask,  connected  with  a  Liebig's 
condenser  by  means  of  a  bent  glass  tube  passing  thi-ough  a 
perforated  indiarubber  stopper.  The  flask  is  heiited  by  a 
Bunsen's  burner,  and  the  first  50  c.c.  of  distillate  arc  collected 
and  Nesslerised,  and  the  amount  of  ammonia  the.v  contain  is 
recorded.  This  ammonia  is  part  of  the  free  ammonia  contained 
in  the  water  as  such,  and  it  is  found  by  experience  that  the  first 
50  c.c.  contain  three-quarters  of  the  fiee  ammonia.  Hence, 
adding  \  to  the  amount  recorded  in  the  first  50  c.c,  we  get  the 
whole  amount  contained  in  the  half  litre  of  water  under 
analysis,  and,  doubling  this,  tho  mgrs.  of  free  ammonia  per 
litre,  i.e.  parts  per  million. 

Thus,  if  tho  first  50  c.c.  strike  a  tint  with  Nossler,  which  is 
matched  in  the  second  glass  by  the  addition  of  1*2  c.c.  standard 
ammonia  solution,  wo  must  allow  ^  of  1-2,  that  is,  04,  making 
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a  theoretical  total  of  1*6  c.c.  This  corresponds  to  0*016  mgr. 
of  ammonia  in  the  half  litre  taken  for  analysis,  or  0-032  part 
per  million.  Meanwhile  150  c.c.  more  are  distilled  over,  to 
exhaust  the  free  ammonia,  hut  as  already  explained  it  is 
unnecessary  to  Nesslerise  these. 

There  are  then  300  c.c.  left  in  the  flask,  and  to  this  are  now- 
added  50  c.c.  of  the  alkaline  j^ermanganate,  and  the  distillation 
is  resumed.  The  first,  second,  and  third  50  c.c.  are  collected 
separately  and  Nesslerised.  Should  the  third  50  c.c.  be  found 
tu  contain  noteworthy  quantities  of  ammonia,  a  fourth  60  c.c. 
is  distilled  over. 

The  ammonia  coming  over  at  this  second  stage  is  called 
albuminoid  ammonia,  being  derived  from  the  albuminoid  and 
other  nitrogenous  organic  matter  in  the  water.  The  second 
50  c.c.  contain  much  less  than  the  first,  and  the  third  less  than 
the  second.  Adding  together  the  amount  of  ammonia  found 
in  the  three  lots,  we  have  the  total  for  the  half  litre  of  water  ; 
and  twice  this  will  give  the  proportion  in  parts  per  million. 
Thus, 

1st  50  —  2'5  c.c.  standard  aimnonia  solution. 

2iid  50  —  I'O  CO.,,  ,,  „  '  > 

3id  50  =  0-3  c  c.      „  „ 

Tiital  =  3'S  e.c.  =  0"03S  mgr.  ammonia  per  Iialf  Hire. 
v*\t  Albuminoid  ammonia  =  0'076  part  per  million. 

iYo<e. — Absence  of  any  trace  of  albuminoid  ammonia  is 
suggestive  of  organic  purity,  even  if  free  ammonia  and 
chlorides  are  high.  Albuminoid  ammonia  less  than  "05  part 
per  million  is  consistent  with  extreme  purity ;  and  if  free 
ammonia  is  absent  or  scanty,  albuminoid  ammonia  under  0"10 
is  no  evidence  of  impurity.  If,  however,  there  is  much  free 
ammonia,  0  05  albuminoid  ammonia  is  suspicious,  and  0-10  is 
strong  evidence  of  pollution;  0"15  or  more  should  condemn  a 
water  absolutely. 

In  nfood  waters  the  free  ammonia  usually  ranges  from  O'OO 
or  0.01  to  0"03  part  per  million,  and  rarely  exceeds  0"05. 

<Joilll>tl«»tioil  processes  involve  costly  and  delicate 
apparatus,  and  a  considerable  degree  of  skill.  The  following 
is  an  outline  of  Frankland's  process  : — 

To  a  litre  of  tlie  water  arc  added  20  c.c.  of  saturated  solution 
of  sulphurous  acid,  to  reduce  the  oxidised  nitrogen  and  liberate 
all  carbonic  acid.  The  water  is  evaporated  to  dryness  in  special 
apparatus.  The  dry  residue  is  mixed  with  oxido  of  copper  and 
heated  in  vacuo  in  a  combustion  tube  for  an  hour.  The  gases 
are  collected  over  a  mercurial  trough ;  they  contain  all  the 
organic  carbon  as  carbonic  acid,  and  the  nitrogon  as  such. 
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They  are  measured  voliimetrically,  and  after  the  absorption  of 
the  carbonic  acid  by  caustic  potash  the  ri;siduc  is  read  as 
nitrogen.  The  nitrogen  present  in  the  water  as  ammonia 
must  be  separately  determined,  and  deducted  from  the  total. 

The  significant  points  are  the  absolute  and  relative  amounts 
uf  organic  carbon  and  organic  nitrogen.  The  lower  the  propor- 
tion of  nitrogen  to  carbon,  and  the  less  the  amount  of  each,  the 
more  favourable  is  the  verdict,  other  things  being  equal.  A 
low  proportion  of  nitrogen  to  carbon,  1  to  8,  indicates  vegetable 
organic  matter ;  a  high  proportion  such  as  1  to  3  is  pretty  cer- 
tain proof  of  animal  pollution.  A  river  or  surface  water 
should  not  contain  more  than  0*2  organic  carbon  or  0-03 
organic  nitrogen  in  100,000  parts,  and  spring  or  well  water  is 
open  to  suspicion  if  the  carbon  exceeds  0-1,  or  the  nitrogen 
0-03,  per  100,000.  In  forming  conclusions,  due  weight  must  be 
given  to  the  other  analytic  data,  esjjecially  the  determination  of 
chlorides  and  oxidised  nitrogen,  and  to  the  other  evidence 
obtainable,  such  as  the  position  and  surroundings  of  the  source 
of  supply,  the  facilities  for  pollution,  and  the  depth  and 
geological  characters  of  the  strata  from  which  it  is  derived. 

The  following  table,  taken  from  the  Eeport  of  the  Rivers 
Pollution  Oommiasioners,  gives  the  average  results  of  a  large 
number  of  samples  upon  Frankland's  method,  stated  as  parts 
per  100^000  :— 


Rain- 
water. 

Upland 
Surface 
Water. 

Deep'Well 
Water. 

Sl>ring 
Water. 

Total  So'.icl  Iinpurily  .. 

2-95 

9-G7 

43^7S 

2S^20 

Organic  Carbon  

•070 

•322 

•OGl 

•056 

Organic  Nitrogen 

•01.0 

•032 

•OlS 

•013 

Anunonia  

•029 

•002 

•012 

•001 

Nitrogen    as    Nitrates  anu 

Nitrites   

•003 

•oon 

•495 

•3S3 

Total  Couabined  Nitrogen 

•042 

•042 

•522 

•396 

Chlorine  

0'S2 

I^IS 

5-11 

2-40 

Hardness  :— 

Temporary  

0-4 

1-5 

15-S 

no 

Permanent 

0^5 

4-3 

9^2 

7^5 

Total  

0-9 

0-S 

250 

Number  of  Samples  Analysn 

89 

19j 

157 

19S 

1 

KjcldaUVs  process,  applied  by  Blair  to  water  analysis,  is 
based  upon  the  conversion  of  the  nitrogen  of  organic  substances 
into  ammonium  sulphate  if  charred  by  heating  with  strong 
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sulphuric  acid.  250  c.c.  of  water  are  distilled  down  to  50, 
with  addition  of  sodium  carbonate  if  acid  ;  the  lirst  100  c.c.  of 
distillate  contains  all  the  free  ammonia.  Then  10  c.c.  of  pure 
sulphuric  acid  and  a  little  arsenious  acid  are  added,  and  the 
distillation  is  continued.  Presently  the  acid  begins  to  fume, 
and  becomes  darkened  by  the  charring"  of  organic  matter.  The 
heat  is  continued  for  two  hours  after  this,  or  until  the  colour 
disappears  again.  After  cooling,  a  slight  excess  of  pure  solution 
of  soda  is  added :  and  the  ammonia  thus  liberated  is  distilled 
over,  and  measured  as  in  Nessler's  process. 

This  method,  like  Wanklyn's,  gives  us  a  record  of  the 
"  free  ammonia  "  and  "  organic  ammonia  "  at  two  stages  ;  but 
the  jdeld  of  the  latter  is  more  constant  and  more  complete 
than  that  obtained  with  alkaline  permanganate.  The  results 
are  converted  into  terms  of  "  organic  nitrogen"  by  multiplying 
by  0-824.  Blair  finds,  by  this  process,  less  than  0*06  part  of 
organic  nitrogen  per  million  in  very  pure  water,  and  0  '06  to 
0'12  in  ordinary  drinking  water  ;  he  regards  as  suspicious  any 
water  containing  more  than  this,  unless  peaty,  and  condemns 
any  over  0*32. 

Oxygen  process.— There  are  many  modifications  of 
the  Forchammer  method,  of  which  Tidy's  is  the  best  known. 
For  the  sake  of  uniformity  the  metric  system  is  substituted  for 
"  septems  "  in  the  following  description : — 

The  standard  solutions  required  are-— 

Ai  Potassium  permanganate,  0*395  grm.  in  a  litre  of  dis- 
tilled water.  Every  10  c.c.  yields  1  mgr.  of  oxygen 
to  oxidisable  matter. 

)!.  Sodium  hyposulphite,  1  grm.  per  litre. 

c.  Potassium  iodide,  1  partiu  10  of  water. 

1).  Starch,  1  part  boiled  with  20  parts  of  water,  and 
filtered. 

E.  Sulphuric  acid,  1  ])art  to  3  parts  of  water. 

The  object  is  to  determine  the  amount  of  oxygen  absorbed 
in  1  hour  and  3  hours  respectively.  As  the  hyposulphite 
solution  is  liable  to  change,  it  is  necessary  to  perform  a  blank 
test  with  pure  distilled  water  every  time. 

Four  flasks  are  employed,  two  of  which  contain  250  c.c.  of 
sample  water,  while  the  other  two  contain  250  c.c.  of  pure 
water  for  the  control  experiments.  To  each  flask  are  added 
10  c.c.  of  2>erinanganate  solution  (a),  and  10  c.c.  of  dilute 
sulphuric  acid  (e).  If  the  water  is  very  bad,  the  pink  colour 
due  to  the  permanganate  may  soon  entirely  disapj^ear,  and  in 
this  event  a  second  and  oven  a  third  10  c.c.  of  permanganate 
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must  be  added,  in  order  always  to  have  a  pink  tinge  throughout 
the  experiment.  At  the  end  of  an  hour  one  of  the  samples 
and  one  of  the  control  flasks  are  tested  to  ascertain  how  much 
undccomposed  permanganate  remains  to  be  deducted  from  the 
total  used.  For  this  purpose  2  c.c.  of  iodide  solution  (c)  are 
added,  and  the  remaining-  permanganate  immediately  acts 
upon  it,  liberating  a  proportionate  amount  of  free  iodine.  The 
iodine  is  measured  with  precision  by  dropping  in  the  standard 
hyposulphite  solution  until  no  more  free  iodine  remains,  the 
exact  point  of  disappearance  of  the  last  trace  of  iodine  being 
ascertained  by  adding  2  c.c,  of  starch  solution  (d)  near  the  end 
of  the  process,  and  noting  the  disappearance  of  the  blue  iodide 
of  starch. 

In  the  blank  test  the  10  c.c.  of  permanganate  should 
remain  unaltered  at  the  end  of  the  hour,  so  that  if  x  c.c.  of 
hypobulphite  are  used,  these  x  c.c- correspond  to  10  c.c.  of  the 
permanganate  solution,  that  is,  to  1  mgr.  of  oxygen.  If, 
therefore,  the  sample  flask,  which  has,  of  course,  lost  some  of 
its  permanganate,  takes  only  y  c.c.  of  hyposulphite,  it  is 
clear  that  the  oxygen  consumed  by  oxidisable  matter  must 



have  been  — ~  mgr.  If  a  second  10  c.c.  of  permanganate 
had  been  employed,  the  formula  would  obviously  have  become 


As  a  quarter  of  a  litre  of  the  sample  was  taken  for  each 
analysis,  four  times  this  result  will  give  the  "oxygen  con- 
sumed" in  milligrammes  per  litre — that  is,  in  parts  per 
million. 

The  determination  of  oxygen  consumed  in  three  hours  is 
conducted  in  exactly  the  same  way,  at  the  end  of  that  time. 

Interpretation  of  results  of  the  oxygen  process. — Not  only 
organic  matter,  but  also  nitrites,  ferrous  salts,  or  sulphuretted 
hydi-ogen,  will  reduce  permanganates,  and  these  latter,  if 
present,  must  be  removed  or  allowed  for.  No  distinction  js 
made  between  nitrogenous  and  non-nitrogenous  organic 
matter.  In  London  waters  the  organic  matter  is  said  to  bo 
about  eight  times  the  "  oxygen  consumed."  It  .-^cems  that 
putrescent  matters,  notably  urine  and  other  animal  matter,  are 
readily  oxidised  by  peruianganate,  so  that  while  the  three 
hours'  experiment  gives  information  as  to  the  total  amount  of 
organic  matter,  the  one-hour  reaction  is  important  as 
indicating  the  proportion  of  putrescent  :ind,  therefore,  pre- 
sumably dangerous   impurities.     Sometimes  four  hours  are 
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allowed  instead  of  three,  and  a  quarter  or  half  an  hour  instead 
of  one  hour.    Peaty  waters  consume  much  oxygen. 

As  in  all  other  modes  of  estimating  the  organic  matter 
in  water,  the  results  of  the  oxygen  process  must  be  considered 
together  Avith  the  other  analytic  data  and  the  source  of  the 
water.  In  a  general  way,  Tidy  classifies  waters  as  of  great 
organic  purity  if  the  oxygen  consumed  does  not  exceed  0*5 
part  per  million,  of  medium  purity  if  not  exceeding  r5  part, 
of  doubtful  purity  up  to  2  0  parts,  and  as  impure  if  the  oxygen 
consumed  exceeds  2-0  parts  per  million.  Upland  surface 
waters,  however  (the  organic  matters  being  less  likely  to  be 
harmful),  are  judged  by  a  more  lenient  standard,  the  degrees 
of  which  are  double  those  given  above,  namely,  I'O,  3"0,  and 
•±•0,  in  place  of  0-5,  1'5,  and  2-0. 

Blair'' a  oxygen  process  at  100"  C.  gives  very  satisfactory 
results.  The  reagents  are  similar  to  Tidy's,  but  the  following 
differ  in  strength : — 

Potassium  permanganate,  l'97o  gramme  per  litre,  so  that 

10  CO.  yield  5  mgrs.  oxygen. 
Sodium  hyposulphite,  3'875  grammes  per  litre. 
Sulphuric  acid,  100  c.c.  to  900  c.c.  distilled  water. 

HaK  a  litre  of  water  is  taken  for  analysis,  and  after  the 
addition  of  10  c.c.  of  permanganate  and  10  c.c.  of  acid,  is 
boiled  gently  for  two  hours,  further  charges  of  permanganate 
being  added  if  necessary.  After  cooling,  the  procedure  is  the 
same  as  in  Tidy's  process.  Iodide  is  added,  an  d  the  iodine  set  free 
by  the  unconsumed  permanganate  is  measured  by  hyposulphite 
solution  with  the  aid  of  starch. 

The  method  of  calculation  also  is  substantially  the  same. 
Since  the  10  c.c.  of  permanganate  yields  5  mgr.  of  oxygen 

instead  of  1  mgr. ,  the  formula  becomes  5  x  ,   or  if  n 

1  «  ,  -1  1  11-,-  X  X  n  —  y 
charges  of  permanganate  have  been  added,  o  x  

This  gives  the  mgrs.  of  oxygen  absorbed  per  half  litre, 
and  doubling  the  result  we  have  mgrs.  per  litre,  or  parts 
per  million.  Blair's  process  has  obvious  advantages  over 
Tidy's,  since  the  conditions  as  to  temperature  are  constant, 
and  the  oxidation  of  organic  matter  practically  complete. 
The  empirical  standards  of  purity  necessai-ily  range  higher. 
Exceptionally  pure  waters  take  less  than  2  parts  per  million, 
waters  of  medium  purity  2  to  4  parts,  and  suspicious  waters 
4  to  G  parts.  Even  a  peaty  water  should  not  be  recommended 
if  it  takes  much  more  than  6  parts. 
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liitorprelatioii  ol  tlic  rc<i>iilts  of  water 
cxaiiiiiiatioii.— From  what  has  been  said,  it  will  be 
seen  that  there  are  various  methods  of  water  anal}  .si  s 
or  examination  by  which  we  may  obtain  a  knowled^< : 
of  a  water  sutBcient  to  guide  us  as  to  its  suitability  fur 
drinking  purposes.  In  the  past  too  much  emjjhasis 
has  been  given  to  the  results  of  cliemical  analysis  and 
too  little  to  the  facts  obtained  by  bacterioscopic  and 
microscopic  examination,  and  by  inspection  of  the 
gathering  ground.  It  caianot  be  too  clearly  stated 
that  all  the  facts  obtainable  respecting  a  Avater  are 
necessary  to  a  reliable  conclusion.  Nothing  is  more 
likely  to  lead  to  an  incorrect  opinion  than  reliance 
upon  isolated  findings  in  resjject  of  a  water,  whether 
bacteriological  or  chemical.  The  two  must  be  taken 
together  and  in  conjunction  with  a  careful  inspection 
of  the  sources,  and  even  then  the  matter  must  lie 
judged  broadly,  and  the  "  life  history  "  of  the  water,  if 
such  a  term  is  permissible,  taken  into  consideration. 

The  chief  interpretations  of  chemical  analysis  have 
been  already  referred  to  in  the  text,  the  importance 
of  gases,  mineral  salts,  and  soluble  organic  matter  i 
having  been  dealt  with.    It  is  therefore  unnecessary  \ 
to  recapitulate.    Here  it  is  only  necessary  to  add  that : 
these  general  rules  are  subject  to  modification  accoi'd- 
ing  to  the  history  and  surroundings  of  the  water,  j 
Vegetable  is  nmch  less  dangerous  than  animal  con-: 
tamination,  and  may  often  be  recognised  by  the  slow- 
ness with  which  the  albuminoid   ammonia  comes 
over,*  by  the  absence  or  small  amount  of  chlorides; 
and     of     free     ammonia,    and     by  mici'oscopic 
examination  of  the  sediment  or  knowledge  of  the 
source  of  the  supply.    Animal  pollution  is  indicated 
if  the  albuminoid  ammonia  comes  over  rapidly,  or 
if  the  chlorides  or  oxidised  nitrogen  are  abundant.. 
Pollution   by   absorption   of   efHuvia,   or    by  the! 

*  'riic  second  00  cu.  containiiig  little  leas  than  the  llrst,  and  the  thiril 
tlmn  the  second. 
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presence  of  putrefying  ra'asses  in  the  water,  would, 
howevei",  be  unaccompanied  by  any  excess  of  chlorides. 
It  is  important  to  take  into  consideration  also  the 
character  of  unpolluted  water  in  the  same  district  or 
geological  field,  since  chlorides,  oxidised  nitrogen,  and 
even  a  certain  amount  of  free  and  albuminoid  ammonia, 
may  be  found  in  waters  that  are'  free  from  recent 
and  therefore  dangerous  pollution.  It  is  quite 
possible,  too,  for  an  organically  pure  water  to  be  unfit 
for  use  on  account  of  its  mineral  constituents. 
Water  from  a  shallow  well,  open  to  suspicion  of  pollu- 
tion, should  be  condemned  if  the  chlorides  and  oxidised 
nitrogen  are  high,  even  if  albuminoid  ammonia  be 
scanty.  A  water  that  is  pure  at  the  time  of  sampling 
may  still  be  liable  to  intermittent  contamination.  It 
must  be  remembered  that  Wanklyn's  process  tells  us 
nothing  as  to  the  exact  amount  or  specific  nature  of 
the  pollution,  or  whether  it  is  injurious  or  harmless. 
The  solid  matters  of  enteric  or  choleraic  excreta 
probably  do  not  greatly  differ  as  regards  their  yield  of 
albuminoid  ammonia  from  those  of  healthy  excreta, 
and  minute  proportions  of  either  one  or  the  other  in- 
tentionally added  to  water  in  experiments  by  Cory 
and  Dupre  caused,  as  was  to  be  expected,  only  a 
proportionately  trifling  addition  to  the  albuminoid 
ammonia  already  present.  Such  minute  but  deadly 
pollutions,  by  enteric  virus  or  any  other  poison, 
rarely  occur  in  nature,  but  when  they  do,  chemical 
analysis  will  give  us  no  intimation  of  them.  Plence 
it  is  true  that  chemical  analysis  "  can  tell  us  of 
impurity  and  hazard,  but  not  of  purity  and  safety  " 
{Buclianan)  ;  but  to  this  it  should  be  added  that  the 
circumstances  are  rare  indeed  in  which  a  careful  con- 
sideration of  all  the  analytical  data,  together  with  a 
study  of  the  source  of  supply  and  its  surroundings,  will 
fail  to  give  warning  of  any  danger  that  may  exist. 
The  summary  on  page  87  is  slightly  modified  from 
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a  table  given  by  Parkes  and  De  Chaumont.  It  shows 
in  a  general  Avay  the  value  to  be  attached  to  each 
analytical  datum  per  S6,  but  it  will  be  evident  tliat 
the  interpretation  is  subject  to  material  modification 
according  to  the  other  information  available. 

Bacteriological  examination  is  the  most  delicate 
and  direct  test  of  the  safety  of  a  water  for  drinking 
purposes,  for  by  it  we  obtain  information  as  to  its 
potentiality  to  cause  infective  disease.  Further,  Klein 
and  others  have  shown  that  by  bacteriological  methods 
it  is  possible  to  detect  smaller  degrees  of  sewage 
pollution  than  by  chemistry.  On  the  other  hand,  it 
is,  of  course,  idle  to  expect  to  learn  the  exact 
chemical  constitution  of  the  water  by  bacteriological 
methods.  Like  chemistry,  bacteriology  must  be 
judged  by  what  it  can  tell  us  and  not  by  what  it 
cannot.  There  are  three  important  groups  of  facts 
obtainable  by  a  thorough  bacteriological  examination 
of  water.  These  concern  (a)  the  number  of  bacteria 
per  c.c.  ;  (6)  the  presence  of  any  organisms  of  con- 
tamination ;  and  (c)  the  prese7ice  of  any  specific 
organisms  of  disease.  The  number  of  bacteria  per 
c.c.  is,  as  a  rule,  only  valuable  when  used  in  a  series 
of  examinations  of  the  same  water  supply,  or  when 
used  in  the  examination  of  water  before  and  after 
filtration.  The  number  of  bacteria  per  c.c.  is  there- 
fore a  fact  of  only  relative  importance,  because 
there  is  no  standard  of  how  many  organisms  should 
be  present  in  each  c.c.  of  a  potable  water,  and  there 
is  no  means  by  which  the  number  can  be  accurately 
measured.  For  purposes  of  comparison  it  may  be 
said  that  the  metropolitan  water  supply,  as  consumed, 
usually  contains  less  than  20  bacteria  per  c.c. 

Tlie  organisms  which  indicate  contamination  of  a 
water  are  certain  liquefying  bacilli,  B.  coli,  B.  enteri- 
tidis  sporogenes,  and  streptococci.  Tlie  chief  of  these  as 
an  indicator  is  B.  coli.  It  is  now  held  that  if  this 
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bacillus  can  be  detected  in  1  c,c.  or  2  c.c.  of  a  water, 
the  organism  has  gained  access  recently  from  sewage. 
Its  relative  abundance  is  a  matter  of  importance. 
Houston  considers  the  presence  of  streptococci  in 
water  as  indication  of  recent  and  dangerous  pollution. 
The  presence  of  any  pathogenic  organisms  {B.  typhosus, 
the  cholera  bacillus,  etc.),  in  however  few  numbers, 
is,  of  course,  sufficient  for  the  condemnation  of  a 
water.  Such  organisms  are  rarely  isolated  from 
water,  even  though  for  extei-nal  reasons  it  be  evident 
that  the  water  is  the  channel  of  infection,  owing  to 
the  long  incubation  period  of  typhoid  fever,  tlie  fact 
that  the  bacillus  only  lives  in  water  for  a  few  days, 
and  the  impossibility  as  a  rule  of  examining  the  water 
which  actually  caused  the  outbreak. 

By  way  of  summaiy,  it  may  be  said  that  a  Avater 
should  be  condemned,  as  a  rule,  («)  if  it  contains  a 
very  large  number  of  bacteria  of  whatever  kind ;  (/>) 
if  it  contains  B.  coli  communis,  B.  enteritidis  sporo- 
genes,  or  streptococci,  in  one  cubic  centimetre,  or  any 
pathogenic  organism ;  (c)  if  it  gives  the  "  enteri- 
tidis change  "  in  milk  cultures,  or  ferments  glucose  or 
lactose  media.  In  addition  to  the  chemical  and 
bacteriological  findings,  the  careful  microscopic  exam- 
ination of  the  sediment  and  tlie  thorougli  inspection 
of  the  fifatherins:  grounds,  the  source  and  course  of  the 
water,  are  necessary.  In  many  ways  the  latter  is  the 
most  important  part  of  an  examination  of  a  water, 
and  when  in  donbt  as  to  chemical  and  bacteriological 
characteristics,  topography  may  not  unfrequently 
throw  light  upon  the  subject. 

Drinking:  Water  and  Disease.  —  The  rela- 
tion of  drinking  water  to  typhoid  and  cholera  will  be 
considered  subsequently.  Here  it  is  only  necessary 
to  add  a  general  note. 

Vegetable  matter  in  suspension  and  even  in  solution 
may  cause  diarrhoea.  In  small  quantity,  however,  dis- 
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solved  peaty  matter  is  harmless,  although  it  gives  a 
broAviiish  tinge  to  the  water. 

Animal  matter  in  suspension  or  solution,  whether 
due  to  percolation  from  cesspools,  leaking  drains,  farm- 
yards, or  manured  fields,  or  to  direct  jjollution  of  streams 
by  drains  or  sewers,  or  to  presence  of  decomposing 
animal  tissues  in  the  water,  or  to  absorption  of  effluvia, 
is  always  dangerous  to  health. 

The  products  of  simple  decomposition  of  animal 
matter  are  in  themselves  capable  of  producing  diarrhcea 
and  other  acute  alimentary  disturbances,  or  of  insidi- 
ously undermining  the  general  health,  and  so  possibly 
preparing  the  way  for  other  diseases  not  directly 
dependent  upon  water-borne  poison.  In  tropical 
countries  polluted  water  is  a  frequent  cause  of 
dysentery,  sporadic  or  epidemic.  Sudden  localised 
outbreaks  of  diarrhoea  in  Great  Britain  have  been 
proved  to  originate  in  contamination  of  drinking 
water  by  effluvia  from  sewage,  even  without  the 
entrance  of  liquid  or  solid  filth.  Apart  from  all  this, 
the  presence  of  organic  filth  in  water  shows  that  the 
way  is  open  for  the  access  of  more  specific  poisons, 
such  as  those  of  cholera,  enteric  fever,  dysentery,  and 
parasitical  diseases.  The  tendency  of  any  such  pollution 
is  to  increase  in  amount,  while  percolation  through 
soil  loses  in  course  of  time  whatever  purifying  efiect  it 
may  possess  at  first. 

There  are  also  certain  disease  conditions  produced 
by  water  owing  in  part  to  its  chemical  constitution, 
as,  for  example,  goitre,  plumbism,  urinary  calculi,  etc. 
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CHAPTER  IV. 

FOOD. 

The  useful  constituents  of  all  food  substances, 
animal,  vegetable,  and  mineral,  are  classified  as — 

1.  Nitrogenous,  including  tlie  animal  and  vegetable 
albuminoiGls  (proteids)  and  gelatin. 

2.  Fatty,  including  animal  and  vegetable  fats  and  oils. 

3.  Carbohydrates,  including  starch  and  the  sugars. 

4.  Salts,  organic  and  inorganic. 

5.  Water. 

Nitrog-ciious  food. — Proteids  are  converted  by 
the  action  of  the  gastric  and  pancreatic  juices  into 
soluble  peptones,  which  are  absorbed  and  used  for 
the  nutrition  and  repair  of  the  nitrogenous  tissues, 
and  in  some  degree  for  the  production  of  heat  and 
the  functional  activity  of  the  system.  During  life 
the  nitrogen  is  eventually  eliminated  in  the  urine 
(as  urea  or  urates),  and  in  the  ffeces.  Fat  is 
another  product  of  the  splitting-up  of  albumen, 
and  its  hydrogen  and  carbon  ultimately  go  to  form 
carbonic  acid  and  water.  Muscular  exertion  does  not 
increase  the  demand  for  nitrogen  or  the  excretion 
of  urea,  these  being  fairly  constant  in  a  given  healthy 
individual  under  suitable  diet,  whether  working  or  not. 
Assimilation  of  excess  of  nitrogen,  in  the  absence  of 
exercise,  is  apt  to  lead  to  imperfect  oxidation,  with 
formation  of  urates  and  uric  acid  rather  than  urea. 
Other  consequences  are  engoi'gement  of  tlie  livor  and 
general  plethora,  pyrexia,  tendency  to  diarrlioea,  and 
ultimately  to  a  gouty  condition. 

]])eficioncy  of  nitrogen  leads  to  diminution  of  cir- 
culating albumen,  ansemia,  loss  of-  weight,  and  impair- 
ment of  energy  and  stamina.  Ultimately  the  tissue 
albumen,  and  especially  that  of  the  muscles,  is  reduced. 


Chap.  IV.]      Fats  and  Carbohydrates. 


91 


Nitrogenous  food  is  therefore  essential  for  the 
growth,  maintenance,  repair,  and  functional  activity 
of  the  tissues,  and  contributes  in  some  measure  to 
the  production  of  heat  and  force.* 

Fats  ami  carbohydrates  supply  the  oxidisable 
material  for  the  production  of  heat  and  force,  and  are 
ultimately  eliminated  as  cai'bonic  acid  and  water. 
They  aid  in  the  nutrition  of  the  tissues  and  in  the 
excretion  of  waste  material.  An  excess  of  either 
lessens  oxidation  of  nitrogenous  matter  and  leads  to 
storage  of  fat  in  the  tissues  ;  deficiency  causes  increased 
metabolism  of  circulating  albumen^  loss  of  weight,  and 
impairment  of  nutrition.  Sugars,  starches,  and 
certain  other  substances  are  termed  carbohydrates^ 
because  their  molecule  contains  (besides  carbon)  twice 
as  many  atoms  of  hydrogen  as  of  oxygen,,  and  may 
therefore  be  represented  empirically  as  Cx(H30)jj,  or 
carbon  plus  water.  Glucose  is  OgHjoOjj,  cane  sugar 
CjoHooO^i,  and  starch  C^H^^QOg.  Fats  and  oils  (animal  or 
vegetable)  contain  much  less  oxygen  in  proportion  to 
their  carbon  and  hydrogen,  stearin,  for  example,  being 
CojH|^,Of..  Carbohydrates  are  more  readily  assimilated 
than  fats,  but  have  a  lower  nutritive  value  by  at  least 
40  per  cent.  They  are  converted  into  grape-sugar 
by  the  digestive  processes.  As  a  rule,  nutrition 
ultimately  suffers  if  either  fats  or  carbohydrates 
arc  withheld;  but  to  a  certain  extent  they  are 
interchangeable,  and  the  diet  of  the  Eskimo  contains 
little  or  no  carbohydrate. 

Fat  as  a  tissue  is  useful  for  its  mechanical  proper- 
ties— namely,  non-conduction  of  heat,  lubrication,  and 
soft  elastic  pressure; ;  in  excess  it  becomes  a  source  of 
inconvenience  or  danger,  as  in  extreme  obesity  and  in 
fatty  infiltration  of  the  heart. 

"  Golatiii  apiicn-H  to  Ijc  (japable  of  rcplaciuf^  the  circulating  albuiiioii, 
but  not  of  forining  tlHsiio  albumen  or  repairing  its  waste.  Its  nutritive 
value  is  Haiti  to  be  about  one-fourth  of  tliat  of  albumen.  Digestion  con- 
verts it  into  a  sort  of  peptone,  which  does  not  gelatinise. 
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Muscular  contraction  is  the   source  of   animal  '■■ 
lieat  as  well  as  of  force,  and  the  heat  generated  is  j 
four  times  the  heat-equivalent  of  the  work  done.  '. 
Although  the  hydrocarbonovis  matter  supplies  the 
"  fuel "  for  these  purposes,  it  is  necessary  that  a  certain 
amount  of  nitrogenous  matter  shall  be  associated  with 
it.    Fat  or  carbohydrate  alone  is  not  sufficient. 

Salts. — Lime,  potash,  and  soda  are  essential — lime 
for  bone-formation  and  cell-growth,  potash  for  nutrition 
of  formed  tissues,  soda  for  fluid  tissues.*  Iron  in  small 
quantity  is  required  for  formation  of  the  colouring 
matter  of  the  blood  (haemoglobin). 

Chlorides  and  phosphates  are  indispensable.  Salts 
of  organic  acids  (lactates,  tartrates,  citrates,  malates,  ' 
acetates),  which  are  oxidised  into  carbonates  in  the  ' 
system,  are  important  as  maintaining  the  alkalinity  j 
of  the  blood.  . 

Water  constitutes  two-thirds  of  the  whole  weight 
of  the  body,  and  forms  part  of  every  tissue.  By  its 
.  agency  food  is  dissolved  and  carried  to  the  tissues, 
waste  products  are  removed  and  excreted,  nutrition  and 
chemical  changes  are  rendered  possible,  and  the  temper- 
ature of  the  body  is  regulated  by  means  of  evaporation. 

.  Stimulants  and  condiments  are  not  essential  consti- 
tuents of  a  complete  dietary. 

Dietaries. — Hutchison  distinguishes  four  cri- 
teria of  the  value  of  a  dietary,  (a)  chemical,  turning 
upon  nuti'itive  constituents  as  above ;  (6)  physical, 
which  measures  the  value  of  a  food  by  the  auiount 
of  heat  produced  by  complete  combustion  ;  (c)  physio- 
logical, i.e.  assimilability ;  and  (d)  economic,  nutritive 
value  as  compared  with  cost.  Only  the  second  of 
these  calls  for  further  comment  here.  The  unit  of  heat 
productioji  is  the  kilo-caloi'ie,  or  as  it  is  generally 
termed  the  calorie,  that  is  the  amount  of  heat  rc- 

*  A  vcgetdMe  diet,  calls  for  additional  sodium  salts,  to  make  up  for 
the  increased  elimination  of^tliese  due  to  the  excess  of  xiotassium  salt^ 
supplied. 
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quired  to  raise  1  kilo  (or  1  litre)  of  water  1°  C. 
(or  1  lb,  of  water  4°  F.).  Kiibner  has  shown  that  the 
heat  value  of  1  gramme  (  =  15|  grains)  of  proteid  and 
1  gramme  of  carbohydrate  is  4-1  calories  each,  and  of 
1  gramme  of  fat  is  9*3  calories.  Multiplying  the 
percentage  of  proteid  and  carbohydrate  which  a  food 
contains  by  4-1  and  the  fat  by  9 -3  gives  the  total 
calories  per  100  parts  of  the  food  in  question.  For 
example,  if  100  grammes  of  milk  contain  2  of  proteid, 
4  of  fat,  and  6  of  carbohydrate,  the  calories  would  be 
of  proteid  8-2,  of  fat  37"2,  and  of  carbohydrate  24'6, 
or  a  total  of  70*0  per  100  grammes. 

There  are  two  chief  requirements  in  a  nutritious 
daily  diet  for  a  healthy  man  doing  a  moderate  amount 
of  work.  First,  it  must  contain  food  which  will 
provide  sufficient  energy  (average  3,500  calories) ;  and 
secondly,  it  must  provide  for  the  upkeep  and  repair  of 
the  tissues  of  the  body  (average,  125  grammes  of 
proteid,  500  grammes  of  carbohydrates,  and  50 
grammes  of  fat).  Such  a  standard,  according  to 
Hutchison,  yields  carbon,  nitrogen,  and  calories  as 
follows  : — 


Carbon, 
(in  grnis.) 

Nitrogen, 
(in  grms.) 

Calories. 

125  grms.  Proteid 
500  ,,   CarboliyUrates. . 
50  „  Fat 

62 
200 
38 

20 

512-5 

2050 
405 

Total 

300 

20 

3027 -5 

These  quantities  may  be  expressed  in  English  ounces 
as  4|-  oz.  of  proteid,  1\  oz,  of  fat,  and  18  oz.  of  carbo- 
hydrates, making  24y«y  oz.  of  dry  food. 

Rubner  has  suggested  as  a  standard  that  whilst 
2,500  calories  are  necessary  for  a  person  at  rest,  3,121 
calories  are  required  for  a  person  doing  moderate 
muscular  work,  and  5,213  calories  in  hard  labour. 
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Even  more  than  this  is  actually  consumed  sometimes. 
Chittenden  considers  that  the  current  estimations  of 
the  amount  of  proteid  and  total  fuel- value  necessary 
for  hard  work  are  excessive.  For  hard  work  all 
the  chief  constituents  of  food  may  be  increased,  but 
there  is  evidence  to  show  that  the  most  valuable 
source  of  muscular  energy  is  the  carbohydi'ates. 
For  mental  work  the  digestibility  of  food  is  of  greater 
concern  to  the  brain  worker  than  chemical  compo- 
sition (Z/wfcA^so9^).  Keduction  on  a  muscular  diet 
should,  however,  affect  fats  and  carbohydrates  more 
than  proteids.  As  alread}^  remarked,  age  and  sex 
exert  a  marked  influence  upon  dietetic  requii'eraents. 
The  same  must  be  said  in  respect  of  climate,  season, 
and  personal  peculiarity. 

From  the  chemical  standpoint  authorities  suggest 
that  a  daily  dietary  for  a  male  adult  should  be  com- 
posed somewhat  as  follows  : — 


NitroptP- 
nous 
Food. 

Pat. 

Cai'boliy- 
drates. 

Salts. 

Such  a  diet  would 
contain 

Nitrogen. 

Carbon. 

Rest  .... 
Moderate  ^ 
work    .  ( 
Hard  work  . 

3  oz. 

4i  „ 
6  „ 

\\  oz. 
.. 

44  „ 

12  oz. 
15  „ 
IS  „ 

1  oz. 
H  „ 

200  gr.s. 
300  „ 
400  „ 

4000  grs. 
5000  „ 
(iOOO  „ 

These  amounts  are  only  approximate.  The 
necessity  for  so  great  an  increase  of  nitrogen 
during  hard  work  is  open  to  question,  and  on  the 
other  hand  the  liard  work  standard  of  carbon  in  the 
above  table  is  low.  More  food,  especially  fat,  is 
needed  in  cold  climates,  less  in  hot. 

All  the  ingredients  are  supposed  to  be  water-fi-ee, 
but  would,  in  practice,  be  combined  with  at  least  their 
own  weight  of  water,  raising  the  total  daily  weight  of 
solid  food  to  40  or  50  oz.    In  addition  to  this  50  to  80 
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oz.  of  water  are  taken  as  drink.    A  man  consumes 
daily  about         of  his  weight  of  dry  solid  food  and 
of  water.    Women  are  said  to  require  about  10 


Chemical  Composition  (Appkoximate)  of  Certain  Foou 
Substances.  [Parkes.) 


Per  Ceut 

.  of 

Grains  per  lb. 

Water. 

a> 

2  ^ 
-3  o 
|. 

Fatty. 

Carbo- 
hydrates. 

Salts. 

Nitro- 
gen. 

Carbon. 

(t Ann    TTi P»n ^    "HcifiT   cw  \ 

TnilT'f  ATI        Tf  tMi       ll'fflfi  L 

3-5 

... 

1  0 

190 

1  r\  A  A 

1900 

Ti'f  1  im  PnAlrorl  \  1 
J-clU  I  UllUUUiVcU.  1               .  J 

75 

15 

8-0 

1-5 

XtUctOu   liicdu              .  . 

00 

98 

15 

o 

6 

V  CI  V    XcX  v  llICcl  u        •  ■ 

bd 

1  A 

19 

... 

4 

X  du   UUlA.         •               ■  t 

4U 

1  0 

OO 

2 

100 

4001) 

Sin  1  "f  AT*l7"f' 

45 

zo 

7 

... 

25 

290 

1360 

Salt  hppf+ 

ou 

OLD 

1 1 1 
1. 1 1  'J 

TV  iiitu  ilail  . 

78 

io 

3 

1 

200 

875 

74 

1 4. 

11-5 

1 

87 

4 

3-5 

5 

0-5 

45 

COO 

i*>KiTn  TTI 'ill*' 

90 

4 

2 

5 

0-8 

45 

450 

Cheese 

37 

33 

24 

5-5 

300 

3300 

Butter 

6 

0-3 

90 

2-5 

6500 

Bread. 

40 

8 

1-5 

50 

1-5 

90 

2000 

Flour .... 

15 

11 

2 

70 

1-7 

120 

2700 

Oatmeal 

15 

13 

6 

G5 

3 

140 

2800 

Indian  meal 

14 

10 

7 

65 

1-5 

120 

3000 

Peas  (dry) 

15 

22 

2 

55 

2-5 

250 

2700 

Green  vegetables 

90 

0-2 

0-5 

6 

0-7 

14 

420 

Carrots 

85 

0-6 

0-2 

8-5 

0-7 

14 

500 

Potatoes 

75 

1-0 

0-1 

23 

1 

22 

770 

Rice  .... 

10 

5 

0-8 

83 

0-5 

70 

2700 

Sugar 

3 

96 

0-5 

3100J 

*  20  per  cent,  should  be  allowed  for  bone,  and  20  to  30  per  cent,  more  is 
lost  in  cooking. 

t  Brine  fli.s.solves  out  myosin  and  other  important  constitut^nts.  Tiie 
nutritive  value  of  salt  moat  is  not  more  than    Uiat  of  fiosli  meat. 
;  Jlilk-HUgar  yields  only  2,800  grains  of  carbon  pur  lb. 
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per  cent,  less  than  men,  both  of  carbon  and  nitrogen. 
Infants  require  nitrogenous  and  fatty  foods  with  only 
a  small  proportion  of  carbohydrates,  which  is  supplied 
by  milk-sugar.  A  child  of  ten  yeai's  of  age  needs  only 
half  as  much,  but  at  fourteen  years  quite  as  much,  as 
a  woman.  The  dietetic  requirements  of  old  age  are 
just  the  reverse  of  those  of  childhood. 

Tlie  table  on  page  95  supplies  the  means  of  deter- 
mining how  far  a  given  dietary  complies  with  the 
requirements  stated  above,  and  conversely  of  con- 
structing a  dietary  that  will  satisfy  these  conditions. 

Thus,  if  the  question  should  arise  whether  a  daily 
allo  wance  of  2  lbs.  of  bread  and  \  lb.  cheese  is  a  sufficient 
diet  for  a  man  in  easy  work,  the  calculation  may  be 
made  on  a  chemical  basis  as  follows  : — 

100  oz.  bread  contain  therefore  32  oz.  contain 

Nitro.     Pat.  Cavb.-liyd.  Nitro.   Fat.  Carb.-hyd. 

8  oz.    \\  oz.    50  oz.  2-5  oz.  0-5  oz.  16  oz. 

100  oz.  cheese  contain  therefore  8  oz.  contain 

33  oz.    24  oz.     0  oz.  2-6  oz.  1-9  oz.    0  oz. 

5-0  oz.  2-4  oz.  16  oz. 

Whereas  the  theoretical  amounts  re- 
quired for  moderate  work  are    .    .       4-5  oz.    3  oz.  lo  oz. 

The  conclusion  to  be  drawn  is  that  such  a  diet  is 
sufficient  as  regards  the  nitrogenous  matter  and  carbo- 
hydrates, but  wanting  in  fat. 

A  still  readier  method  is  to  calculate  the  amount  of 
carbon  and  nitrogen,  thus  : — 

1  lb.  bread  contains  therefore  2  lbs.  contain 

Nitrogen.     Carbon.  Nitrogen.  Carbon. 

90  grs.    2000  gi-s.  180  grs.    4000  gre. 

1  lb.  cheese  contains  therefore  \  lb.  contains 

300  grs,    3300  grs.  150  grs.    1650  grs. 


330  5660 

The  theoretical  amounts  of  carbon  and 
nitrogen  required  for  moderate  work 
being   ....    300  5000 
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Hence,  if  we  leave  out  of  consideration  the  differ- 
ences between  fats  and  carbohydrates  the  diet  more 
than  satisfies  the  theoretical  requirements. 

The  problem  may  also  be  presented  the  other  way 
round.  What  quantity  x  of  bread  and  y  of  cheese 
would  be  sufficient  for  an  ordinary  diet  1  The  require- 
ments are  300  grains  of  nitrogen,  and  5,000  of  carbon  ; 
and  X  lbs.  of  bread  contain  90  x  grains  of  nitrogen 
and  2,000  x  x  grains  of  carl)on,  while  y  lbs.  of  cheese 
yield  300  x  y  grains  of  nitrogen  and  3,300  x  grains 
of  carbon.  Hence  we  have  a  simultaneous  equation — 

90r«  -f    300?/  =  300 
2000a;  +  33002/  =  5000 

giving  as  approximate  values  a;  =  1-7  lb.,  and 
y  =  1  lb. 

It  has  been  found  experimentally  that  the  energy 
which  is  developed  by  oxidation  is  for  one  ounce  of 
lean  meat  about  50  foot-tons,*  carbohydrates  150  foot- 
tons,  and  fats  300  foot-tons.  In  this  relation  it  should 
not  be  forgotten  that  the  oxidation  of  food  in  the 
system  is  by  no  means  complete,  even  as  regards  that 
portion  which  is  assimilated. 

In  calculating  the  mcclianical  work  done,  tliat 
of  respiration,  circulation,  and  locomotion  must  be 
taken  into  account,  as  well  as  the  load  carried  or  lifted. 
According  to  Haughton  and  Parkes  the  force  exerted 
daily  in  respiration,  circulation,  and  other  "  internal  " 
work  is  al)Out  260  foot-tons  ;  and  in  addition  to  this  a 
strong  man  can  do  external  work  equivalent  to  300  to 
500  foot-tons  more  per  day.  Walking  along  a  level 
road  at  three  miles  per  hour  is  equivalent  to  climbing 
vertically  -^Vf-h  of  the  distance  traversed ;  at  4  miles 
xj'*^'  Hence,  if  a  man  weighing  W  lbs.  carries  a 
load  of  X  lbs.  on  a  horizontal  track  for  D  feet,  at 

A  fnol-tm  is  the  force  vequirod  tojaise_l  tonlto  a  height  of  1  foot  , 
E 


I 

i 

98         Hygiene  and  Public  Health.    [Chap.  iv.  \ 

3   miles   pei'   hour,   he    exerts   energy   equivalent  I 

to  foot- tons  in  so  doino-.    A  march  of  20  1 

20  x  2240  "  .  ! 

miles  along  the  level  involves  work  equivalent  to  350 

foot-tons,  taking  the  weight  of  the  body  as  150  lbs.  | 

If  a  load  of  60  lbs.  is  added,  the  work  is  500  foot-tons.  ! 

The  whole  work  done,  estimated  in  this  way,  represents  \ 

only  -i-th  of  the  force  theoretically  obtainable  from  the  . 

food  by  combustion.    The  energy  expended  in  a  fair  ; 

day's  work  is  about  one-fifth  meclianical  labour  to 

four-fifths  heat  {Martiix). 

.    Animal  is  generally  held  to  possess  certain  advan- 
tages over  vegetable  food,  of  which  the  most  certain  , 
are  the   ready  supply  of  blood-pigment,  the  larger  1 
percentage  of  proteids,  the  greater  digestibility  of 
animal   fats,  and  the  smaller    bulk  required.     A  ; 
vegetable  dietaiy,  unless  carefully  selected,  is  apt  to  ; 
contain  insufficient  nitrogen,  but  it  is  rich  in  carbo-  ] 
hydrates.    It  is,  however,  bulky,  less  digestible  in  the  I 
stomach,  and  less  completely  absorbed.  The  supposed  i 
inferior  nutritive  value  of  vegetable  albuminoids  is  ! 
not  so  clear,  although  they  are  probably  less  rapidly  ! 
digested ;  and  a  well-fed  vegetable  eater  may  display  j 
for  a  time  as  perfect  health  and  energy  as  a  meat-eater.  *  i 
On  the  other  hand,  the  argument  froui  analogy  with  ' 
the  herbivora,  some  of  wliich  are  types  of  activity, 
loses  weight  from  the  inability  of  man  to  digest  cellu- 
lose.   The  consistent  vegetarian  must  either  live  on  a 
diet  deficient  in  proteid  or  consume  an  excessive  bulk 
of  food.    The  adoption  of  the  former  course  tends  to 
diminish  energy  and  tissue  i-esistance,  and  the  latter 
is  likely  to  lead  to  derangement  of  the  digestive 
organs. 

JYIoi-bid  conditioiiisi  dopciideiit  ii|>oii  diet.— 

An  excess  of  food,  due  to  too  lai-ge  or  too  frequent  meals, 

*  Vegctariatiisni  .is  ordinarily  practised  does  not  i-xclnde  animal  fats 
or  even  albuminoids';  milk,  butter  and  cheese  being  used  freely. 
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may  accumulate  in  the  intestine,  causing  fermentation 
and  also  dyspepsia,  with  constipation  or  ineffective 
diarrhoea.  Gout,  obesity,  gall-stones  and  other  con- 
ditions may  also  arise  fi'om  excess  of  food.  Absorption 
of  the  products  of  jnitrefaction  may  give  rise  to  a 
septic  condition  marked  by  pyrexia,  furred  tongue, 
foetid  breath,  heaviness,  and  possibly  jaundice. 
Diseases  of  the  blood  may  also  arise  from  retention 
of  waste  products  in  the  intestine,  as  for  instance 
when  chlorosis  follows  constipation.  The  effects  of 
excessive  or  deficient  assimilation  of  nitrogenous  and 
carbonaceous  food  have  already  been  considered. 

Protracted  insufficiency  of  diet  is  followed  by  wasting 
of  the  \^%^&^xQ,%{inan%tio7l).  Adipose  tissue  is  natui-ally  the 
first  to  suffer,  and  may  be  almost  completely  absorbed, 
the  other  tissues  following  mainly  in  the  inverse  order 
of  their  importance  to  life.  The  urine  still  contains 
urea  and  urates,  from  oxidation  of  tissue,  first  of  the 
circulating  albumen,  afterwards  of  tissue  albumen. 
Physical  and  mental  weakness  ensue,  followed  by 
antemia  and  an  adynamic  condition  that  powerfully 
predisposes  to  certain  diseases,  notably  relapsing 
fever,  phthisis,  and  pneumonia,  and  perhaps 
to  all  infectious  diseases.  Diarrhoea  is  apt  to 
occur,  adding  still  further  to  the  general  emaciation 
and  prostration.  Ophthalmia,  stomatitis,  ulcers,  and 
skin  diseases  of  various  kinds,  are  common  ;  and  any 
disease  that  may  have  obtained  a  hold  upon  the 
system  is  aggravated  by  the  impairment  of  nutrition. 
Death  ensues  when  the  loss  reaches  about  40  per  cent, 
of  the  normal  weight  of  the  body. 

Apart  from  parasitic  poison  and  infection,  there 
are  two  well-marked  morbid  conditions  that  are  almost 
always  attributable  to  the  absence  of  essential  elements 
of  diet.    These  two  are  rickets  and  scurvy. 

Richels  occurs  in  children  fed  upon  a  diet  in 
which  there  is  undue  admixture  of  starchy  food,  and 
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a  deficiency  in  fat  and  proteids.  Starch  cannot  be 
digested  by  young  infants,  and  its  administration  is  not 
only  useless  but  liable  to  cause  diarrhoea,  which  inter- 
feres with  the  digestion  of  other  food.  Prolonged 
indigestion  has  much  to  do  with  the  cause  of  rickets. 
Even  apart  from  this,  an  excess  of  starch  or  other 
carbohydrate  has  an  injurious  eflect  upon  nutrition. 

Scurvy  does  not  occur  when  the  diet  includes 
plenty  of  fresh  vegetables  and  fruits  or  their  juices, 
or  even  preserved  vegetables  and  fruits.  The  blood 
or  raw  flesh  of  recently  killed  animals  is  credited  with 
considerable  anti-scorbutic  power.  Citrate,  tartrate, 
and  malate  of  potash  ai'e  also  preventives,  and,  to  a  less 
degree,  lactate  and  acetate.  Carbonate  of  potash  is 
inert.  The  disease  affects  under-fed  men  more  readily, 
but  cannot  be  checked  by  increase  in  the  supply  of 
nitrogenous  food,  carbohydrates,  or  fat.  The  fault 
probably  rests  with  the  supply  of  salts,  and  as  scurvy 
occurs  when  there  is  no  lack  of  phosphates  or 
sodium  chloride,  potash  and  organic  acids  alone  of  the 
ordinary  salines  are  missing.  The  salts  of  organic 
acids  differ  from  those  of  mineral  acids  in  one  import- 
ant particulai- — namely,  their  oxidation  in  the  blood  to 
form  carbonates  with  alkaline  reaction,  although  they 
may  have  been  neutral  or  acid  originally.  Thus  the 
citi'ic  acid  and  citrate  of  potash,  which  are  the  prin- 
cipal constituents  of  lime-juice,  are  oxidised  into 
carbonic  acid,  which  is  removed  by  the  lungs,  and 
(alkaline)  potassium  carbonate.  Potatoes  are  efficient 
anti-scorbutics,  and  contain  a  large  proportion  of 
organic  acid,  salts  of  potash,  soda,  and  lime.  The 
absence  of  land  scurvy  at  the  present  time  may  not 
unreasonably  be  attributed  iii  great  measure  to  tlie 
universal  use  of  potatoes,  and  other  fresh  vegetables 
and  fruits,  as  articles  of  food. 

Meat  varies  considerably  in  its  nutritive  qualities 
according  to  the  age  of  the  animal,  the  state  of  its 
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nutrition  at  the  time  of  slaughter,  and  the  proportion 
of  fat.  Well-fed  prime  meat  contains  more  albumin- 
oids and  less  connective  tissue  than  that  which  is 
taken  from  animals  that  are  badly  fed,  diseased,  or 
too  old  or  too  young.  The  proportion  of  fat,  roughly 
speaking,  ranges  from  50  per  cent,  in  fat  pigs  or  sheep 
to  33  per  cent,  in  fat  oxen  or  lambs,  and  16  per  cent, 
in  calves.  Absence  of  fat  is  largely  compensated  for 
by  presence  of  additional  water,  so  that  the  nitrogen 
remains  fairly  constant.  As  a  rule,  "  white  meat," 
such  as  fowl  and  rabbit,  is  less  nitrogenous,  more 
tender,  and  more  digestible  than  ^'red  meat,"  such  as 
beef,  mutton,  and  game.  The  latter  become  more 
tender  if  kept  until  rigor  mortis  gives  place  to  incipient 
putrefactive  changes. 

Relation  to  disease. — The  flesh  of  animals  suffering 
from  any  inflammatory  disease  is  watery  and  innu- 
tritions, discoloured,  possesses  a  stale  odour,  and 
decomposes  rapidly.  The  use  of  such  meat  is  liable 
to  cause  alimentary  disturbance.  The  same  applies, 
more  or  less,  to  animals  emaciated  from  any  cause. 
In  some  persons  acute  dyspepsia  and  diarrhoea  are 
caused  by  apparently  normal  meat  of  certain  kinds, 
visually  pork  or  mutton.  As  a  rule,  meat  in  any 
stage  of  putrefaction  (the  signs  of  which  are  smell, 
discoloration,  and  loss  of  elasticity)  is  liable  to  cause 
acute  gastro-intestinal  irritation,  and  other  manifesta- 
tions of  septic  poisoning,  the  prominent  symptoms 
being  vomiting,  diarrhoea,  cramps,  prostration,  pyrexia, 
with  weak  and  irregular  pulse.  Meat  in  an  early 
stage  of  decomposition  is  frequently  more  toxic  than 
len  more  advanced.  It  is  not,  however,  easy  to 
accouiit  for  the  impunity  with  which  certain  kinds 
of  food,  venison  and  game  for  instance,  are  habitually 
consumed  in  a  state  of  early  decomposition.  It  is 
probable  that  the  toxic  products  are  not  present  in 
anything  like  the  same  degree  as  in  ordinary  meat, 
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ftnd  it  is  possible  that  such  products,  and  even 
the  causal  organisms,  are  different.  Certain  para- 
sites, to  which  further  reference  is  made  in  a  later 
section,  are  clearly  transmissible  to  man,  and  therefore 
suffice  to  render  the  whole  carcase  unfit  for  food  ;  the 
chief  being  the  Toinim  in  beef,  mutton,  and  pork,  and 
Trichinoi  in  "  measley "  pork.  Sheep  are  liable  to 
Strongylus  filaria  in  the  lungs,  Distoma  kepaticum  in 
the  liver,  and  Ccenurus  cerebralis  in  the  brain  ;  but 
these  are  held  to  require  only  the  removal  of  the 
affected  organs. 

Accident,  parturition,  or  purely  local  diseases,  such 
as  apoplexy  or  intestinal  obstruction,  do  not  neces- 
sarily render  a  carcase  unfit  for  food  provided  that 
the  animal  has  been  slaughtered  before  any  inflam- 
matory or  other  constitutional  mischief  has  occurred. 
An  animal  that  has  died  with  the<  blood  in  it  is 
presumably  diseased,  and  it  is  customary  to  condemn 
such  a  carcase  on  that  account,  and  because  decom- 
position rapidly  sets  in.  The  flesh  of  animals  affected 
with  any  acute  specific  disease  should  be  rejected,  not 
only  upon  the  grounds  already  stated  with  reference  to 
inflammatory  diseases,  but  also  on  account  of  the  risk 
of  imparting  the  specific  malady.  Anthrax  has  been 
thought  to  be  so  transmitted,  and  there  is  strong  sus- 
picion that  actinomycosis  has  been  similarly  conveyed. 
Generally,  it  may  be  said  that  the  direct  transmission 
of  disease  by  infected  meat  is  best  illustrated  in  two 
different  classes  of  diseased  meat  represented  l)y  the 
Welbeck  Disease  and  tuberculosis. 

Welbeck  Disease  and  allied  conditions. — -At  Wel- 
beck, Notts,  in  June,  1880,  a  large  number  of  ])ersons 
were  taken  ill  after  eating  some  ham  at  a  puV)lic 
luncheon.  Ballard  found  tliat  this  was  tlie  only 
condition  common  to  all  the  suflcrors.  The  onset 
occurred  in  some  cases  suddenly,  for  the  most  part 
between  twelve  and  thirty-six    hours   later.  The 
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symptoms  included  violent  diarrhoea,  vomiting,  and 
abdominal  pain,  usually  accompanied  or  followed  by 
pyrexia,  thirst,  headache,  cramps  in  the  limbs,  cold 
sweats,  and  great  prostration.  Particulars  were  ob- 
tained of  72  cases,  of  which  4  were  fatal.  The  ham 
was  observed  to  have  a  disagreeable  taste,  but  was  not 
suspected  to  be  tainted.  It  had  been  exposed  to  sewer 
air.  Klein  found  spores  and  bacilli  in  the  muscular 
fibres  of  the  suspected  ham,  and  similar  bacilli 
in  the  kidney  of  a  inan  who  died  of  the  disease. 
Dogs,  cats,  rabbits,  guinea-pigs,  and  white  mice  were 
fed  upon  the  ham,  and  nearly  all  developed  pneu- 
monia and  other  symptoms  ;  inoculation  of  white  mice 
and  guinea-pigs  gave  the  same  result.  Cultures  were 
made,  and  guinea-pigs  and  white  mice  which  were  fed 
or  inoculated  therewith  presented  the  same  symptoms. 

A  second  series  of  cases  occurred  in  Nottingham, 
in  February,  1881,  among  persons  who  had  partaken 
of  some  hot  baked  pork.  Fifteen  were  attacked,  and 
one  died.  The  time  and  mode  of  onset,  and  the 
general  character  of  the  symptoms,  were  similar  to 
those  noted  in  the  Welbeck  outbreak.  Not  all 
the  persons  who  ate  of  it  were  taken  ill.  Klein 
examined  the  tissues  of  the  fatal  case  referred  to 
above,  and  found  the  Welbeck  bacilli  in  the  blood, 
pericardial  fluid,  lungs,  spleen,  kidney,  and  elsewhere. 
(Cultures  inoculated  into  mice  and  guinea-pigs  caused 
pneumonia  and  other  symptoms  in  all;  and  the  bacilli 
were  found  in  the  blood  and  exudations. 

These  two  outbreaks  drew  attention  to  the  whole 
question  of  meat  poisoning,  and  since  1880,  more  than 
50  such  epidemics  have  been  investigated.  Some  of 
the  better  known  may  be  tabulated  as  on  page  104. 

Each  outbreak  has  shown  more  or  less  clearly  the 
characters  common  to  these  epidemics — 1.  Simul- 
taneous attacks.  2.  Similarity  of  symptoms  and 
post-mortem  signs.     3.   A  history  of  infection  in 
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common.  The  usual  symptoms  include  rigors,  faint- 
ness,  vomiting,  diarrhoea,  abdominal  pain,  and 
occasionally  skin  eruptions.  As  a  rule,  certain 
nervous  conditions  have  supervened,  such  as  giddi- 
ness, headache,  paralysis,  mental  depression,  etc.,  and 
occasionally  these  symptoms  have  been  predominant. 


Date  of 
Occurrence. 

Place  of 
Occurrence. 

No.  of 
Cases. 

Ppiiofl  nf 
Fiif  iib.it.inTi 
in  Tl  niiTS 

Probable  Source 
of  Infection. 



iofsU 

VVfluecK 

i/-4o 

uolu  boiled  hams 

iooi 

Nottingham 

15 

TO  OA 

1.1-6^ 

i  orK 

1SS2 

Oldham 

9 

4 

American  tinned 

pig's  tongue 

1SS2 

Bishop  Stortford 

(i 

24 

Beef 

1S82 

Whitchurcli 

20 

1-5 

Brawn 

1SS6 

Carlisle 

20 

6-40 

Ham  &  game  pic 

18S() 

Ironbridge 

12 

0-12 

Veal  pies 

1887 

Retford 

80 

8-30 

Pork  brawn 

1888 

Middlesbrough 

114 

American  bacon 

1889 

Carlisle 

25 

24 

Pork  pies 

1891 

Portsmouth 

13 

14-17 

Cold  meat  pie 

1896 

Mansfield 

265 

18-24 

Potted  meat 

1898 

Oldhnni  and 

Cliaddertou 

54 

48 

Veal  pies 

1899 

Nuneaton 

42 

12-JS 

Pork 

1899 

Shelflold 

24 

2-3 

Corned  beef 

1902 

Derby 

221 

4-24 

Pork  pie 

1903 

Chaddertoii 

40 

Ox  tongue 

190() 

Bedfordsliire 

29 

8-24 

Pork  pie 

1907 

Wigan 

168 

30 

Potted  tongue 

Meat  poisoning  appears  to  depend  not  upon  the 
number  of  bacteria  present  in  the  meat,  but  upon  the 
particular  species  (that  is,  bacterial  infection),  and 
their  pi'oducts  (ptomaines,  toxins,  that  is,  ptomaine- 
poisoniny).  A  long  incubation  period  generally 
indicates  poisoning  by  bacteria  (an  infection),  and  a 
short  incubation  period  poisoning  by  products  (an 
intoxication).  In  1888,  Gaertner  of  Jena  investigated 
an  outbreak  of  disease  alfecting  58  persons  who  had 
eaten  uncooked  meat.  One  victim  died,  and  fi'om  his 
body,  as  well  as  from  the  meat,  Gaertner  isolated  the 
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B.  enteritidia,  an  organism  allied  to  the  coli  group. 
Since  that  period,  the  B.  hotulinus  of  Ermengem, 
B.  enteritidis  sporogenes  of  Klein,  and  certain 
putrefactive  bacteria,  particularly  of  the  coli  group 
(p.  57),  have  been  held  responsible  for  causing  such 
illnesses. 

B.  mteritidis  {Gaertner).  Characters  similar  to  B.  typhosus 
(morpholo£:y,  motility,  and  staining  properties),  but  grows 
more  rapidly  in  gelatine  ;  fewer  flagella  ;  ferments  lactose  and 
sometimes  dextrose ;  >:loe8  not  produce  indol  or  coagulate  milk  ; 
positive  neutral-red  reaction ;  in  litmus  whey  or  litmus  broth, 
acid  is  first  produced,  and  then  the  medium  becomes  distinctly 
alkaline.  Virulent  to  rodents  and  small  animals  (gastro- 
intestinal symptoms,  hajmorrhagic  enteritis  and  swelling  of 
lymph  follicles).  Forms  no  spores,  and  therefore  cannot  stand 
very  high  temperatures.  (Killed  at  70°  C.  in  one  minute.)  It 
produces  agglutinating  properties  in  the  blood  of  the  patient. 

B.  bottdinns  (Ermengem).  Van  Ermengem  describes, 
under  the  name  of  botulism,  a  state  brought  about  by  the  inges- 
tion of  various  articles  of  food,  such  as  ham,  tinned  or  preserved 
foods,  oysters,  mussels,  etc.,  and  which  is  characterised  by 
comparatively  slow  onset  (twelve  to  twenty-four  hours  after 
infection),  secretory  troubles,  paralysis  of  certain  muscles,  par- 
ticularly of  tongue  and  pharynx,  dilatation  of  pupil,  aphonia, 
dysphagia,  constipation,  retention  of  urine,  absence  of  uncon- 
sciousness and  of  fever,  etc.  Botulism  differs  considerably 
from  the  more  common  form  of  food-poisoning  with  which  we 
are  acquainted  in  England,  and  which  is  characterised  by 
practically  the  same  symptoms  as  those  of  epidemic  diarrhoea. 
B.  botulimts  is  4-9  long  and  '9-12  ix  broad ;  round,  slowly 
motile,  4-9  (iiigella.  Polar  spores,  killed  in  thirty  minutes  at 
80""  C.  Liquefies  gelatine  ;  does  not  coagulate  milk;  anaerobic; 
in  cultures  often  produces  gas  and  a  sour,  rancid  odour. 
Pathogenic  for  guinea-pigs,  rabbits,  and  other  small  animals. 
B.  enteritidis  sporogenes  of  Klein  {see  Epidemic  Diarrhoia). 

The  B.  enteritidis  Derbiensis  is  a  member  of  the 
Gaertner  group,  isolated  by  Delepine  from  pork  pies 
the  consumption  of  which  caused  the  Derby  outbreak 
in  1902.  He  considered  the  presence  of  the  bacillus 
in  the  pork  pies  was  due  to  contamination  of  the 
meat  before  it  was  cooked,  and  that  the  central  parts 
E  * 
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of  the  pies  were  not  thoroughly  cooked.  It  frequently 
happens  in  these  cases  that  some  constituent  part 
(such  as  jelly)  of  the  manufactured  article  or  pre- 
pared dish  is  really  the  polluted  portion.  Experience 
of  meat  poisoning  outbreaks  leads  to  the  conclusion 
that  the  meat  has  contracted  its  poisonous  propei'ties 
in  one  or  all  of  the  following  ways,  viz.,  putrefaction 
or  unsoundness  in  the  meat  itself,  unclean  manipula- 
tion or  storage  in  insanitary  places,  and  insufficient 
cooking.  The  methods  of  prevention  are  therefore 
obvious.  Occasionally  tinned  goods  cause  poisoning, 
owing  to  metallic  absorption,  and  this  must  be 
differentiated  from  bacterial  poisoning. 

Tuberculosis. — This  disease  is  set  up  in  animals 
by  the  tubercle  bacillus,  which  is  either  identical  or 
nearly  allied  to  the  B.  tuberculosis  of  Koch. 

Tuberculosis  is  common  among  cattle,  especially 
if  stall-fed,  and  is  increased  by  the  practice  of  housing 
them  with  inadequate  air-space  and  ventilation.  Out 
of  23,000  cattle  slaughtered  at  Leipzig  in  1895,  tuber- 
culosis was  found  in  33  per  cent.  The  tuberculin 
test  has  revealed  the  presence  of  tuberculosis  in  54  per 
cent,  of  the  cows  of  certain  breeds  in  certain  dairies 
in  Great  Britain. 

Investigations  carried  out  in  1902  in  all  the  chief 
breeds  in  this  country  have  shown  that  14  "7  per  cent, 
are  affected  with  tuberculosis  (Geddes).  Probably  the 
general  average  is  about  15-20  per  cent.  In  London 
and  other  large  cities,  where  a  high  degree  of  in- 
spection is  maintained,  and  where  there  is  no 
in-breeding,  a  very  small  and  negligible  number  of 
the  cows  are  tubercular. 

It  has  long  been  customary  to  condemn  as  unfit 
for  food  all  parts  of  a  carcase  in  which  tubercle  is 
found,  and  the  whole  carcase  if  the  disease  be  far 
advanced  and  the  animal  emaciated.  Following  the 
conclusions  of  the  Paris  Congress  of  1888  many 
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authorities  have  adopted  a  more  stringent  standard, 
and  condemn  the  whole  carcase  if  there  be  any  tubercle 
in  any  part,  no  matter  how  slight  or  localised. 

The  Royal  Commission  on  Tuberculosis  reported 
in  1898  as  follows  : — 

"  The  following  principles  should  be  observed  in 
the  inspection  of  tuberculous  carcases  of  cattle  : — 


(a)  When  there  is  miliary  tuber- 
(^) 


culosis  of  both  lungs 


When  tuberculous  lesions 
are  present  on  the  pleui^a 
and  peritoneum 
(f)  When  tuberculous  lesions 
are  present  in  the  muscu- 
lar system,  or  in  the  lym- 
phatic glands  embedded 
in  or  between  the  muscles 
(c/)  When  tuberculous  lesions 
exist  in  any  part  of  an 
emaciated  carcase  . 

(«)  When  the  lesions  are  con-' 
fined  to  the  lungs  and  the 
thoracic  lymphatic  glands 

(&)  When  the  lesions  are  con- 
fined to  the  liver 

(c)  When  the  lesions  are  con- 
fined to  the  pharyngeal 
lymphatic  glands  . 

(cZ)  When  the  lesions  are  con- 
fined to  any  combination 
of  the  foregoing,  but  are 


Generalised  tu- 
berculosis is 
present,  and 
the  entire  car- 
case and  all 
the  organs  may 
be  seized. 


Localised  tuber- 
culosis is  pre- 
sent, and  the 
carcase,  if 
otherwise  heal- 
thy, shall  not 
be  condemned, 
but  every  part 
of  it  containing 
tuberculous  le- 
sions shall  be 
seized. 


collectively  small  in  extent, 

"  In  view  of  the  greater  tendency  to  generalisation 
of  tubercvdosis  in  the  pig,  we  consider  that  the  presence 
of  tubercular  dcpo.sit  in  any  degree  should  involve 
seizure  of  the  whole  carcase  and  of  the  organs. 
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"In  respect  of  foreign  dead  meat,  seizure  shall 
ensue  in  every  case  where  the  pleurai  have  been 
'  stripped.' " 

The  tubercle  bacillus  is  most  easily  found  in  the 
glands,  and  tuberculous  deposits  in  the  muscles  are 
very  rare.  The  bacillus  is  scarce  in  the  caseating 
nodules.  In  the  pig  it  is  difficult  to  detect  the  bacilli 
as  a  rule,  though  the  disease  is  very  common  in  that 
animal,  affecting  chiefly  the  abdominal  organs  and  the 
glands  of  the  throat.  It  is  rare  in  the  sheep.  The 
Koyal  Commission  reported  that  "in  tissues  which 
go  to  form  the  butcher's  joint,  the  material  of  tubercle 
is  not  often  found  'even  where  the  organs  (lungs, 
liver,  spleen,  membranes,  etc.)  exhibit  very  advanced 
or  generalised  tuberculosis ;  indeed,  in  muscle  and 
muscle  juice  it  is  very  seldom  that  tubercle  bacilli  are 
to  be  met  with ;  perhaps  they  are  somewhat  more 
often  to  be  discovered  in  bone,  or  in  some  small 
lymphatic  gland  embedded  in  intermuscular  fat." 
The  chief  way  in  which  such  meat  sub.stance  becomes 
infected  with  tubercle  appeal's  to  be  through  cax'eless- 
ness  in  the  butcher,  who  perchance  smears  the  meat 
substance  with  a  knife  which  has  been  used  in  cutting 
the  organs,  and  so  has  become  contaminated  with 
infected  material.  "  Ordinary  cooking,  such  as  boiling 
and  more  especially  roasting,  though  quite  sufficient 
to  sterilise  the  surface,  and  even  the  substance  for  a 
short  distance  from  the  surface  of  a  joint,  cannot  be 
relied  upon  to  sterilise  tubercular  material  included 
in  the  centre  of  rolls  of  meat,  especially  when  these 
are  more  than  three  pounds  or  four  pounds  weight. 
The  least  reliable  method  of  cooking  for  this  purpose 
is  roasting  before  a  fire ;  next  comes  roasting  in  an 
oven,  and  then  boiling."  (Sims  Woodhead.) 

It  should  be  added  that  whilst  it  is  evident  that 
tuberculosis  is  not  greatly  spread  by  the  consumption 
of  tuberculous  meat,  the  Royal  Commission  of  1895 
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definitely  concluded  that  "  we  must  believe  that  any 
person  who  takes  tuberculous  matter  into  the  body  as 
food  incurs  some  risk  of  acquiring  tuberculous  disease." 
In  spite  of  Koch's  views  to  the  contrary,  which  are 
discussed  subsequently,  that  conclusion  still  repre- 
sents, broadly,  the  views  of  most  authorities. 

Cliaracters  of  good  meat. — It  should  be  firm 
and  elastic,  but  not  tough,  and  it  should  not  "  pit "  on 
pressure  ;  a  thin  red  meat  juice  (acid)  will  often  exude 
in  small  quantity  on  standing ;  the  meat  substance 
should  be  red  throughout,  not  pale,  purple,  or  green ; 
marbled  by  layers  of  fat ;  free  from  purulent  or  gela- 
tinous fluid  iu  the  septa  between  the  muscular  bands ; 
fresh  and  pleasant  in  smell,  as  tested  by  a  clean  skewer, 
which  has  been  plunged  into  the  interior.  The  reaction 
should  be  slightly  acid.  The  meat  should  "  set "  within 
twenty -four  hours.*  The  flesh  is  pale  in  pork,  in  young 
animals,  and  in  those  suffering  from  exhausting  dis- 
eases ;  dark  in  old  animals,  or  those  which  have 
died  with  the  blood  in  them,  or  in  inflamed  parts  \ 
wet  in  dropsy,  and  often  in  inflammatory  diseases. 
With  commencing  putrefaction  the  colour  becomes 
pale,  and  the  smell  disagreeable  ;  later  the  meat  softens 
in  parts  and  turns  green. 

The  liver,  lungs,  heart,  and  flesh  should  be  examined 
for  parasites ;  the  head,  stomach,  and  intestines  for 
evidences  of  specific  disease.  The  microscope  would 
detect  Cysiicerci  (usually  visible  to  the  naked  eye)  and 
Tricldnce  in  muscle,  and  Stejjhanurus  dentatius  in  the 
brain.  To  demonstrate  Trichiuce,  a  thin  section  should 
be  put  into  liquor  potassie  for  a  few  minutes  only 
until  the  muscle  becomes  translucent.  The  coiled 
embryo  will  be  seen  inside  the  capsule. 

*  Horse  Hesh  may  be  dilTerentiateil  from  beef  by  the  following 
characters  :  It  does  not  set  so  rapidly  or  so  well.  It  is  more  tendinous 
and  fibrous,  contains  less  fat,  which  is  oily  and  yellow,  and  possesses  a 
horsey  smell.  The  colour  is  alao  more  brown-red  and  less  bright  than  in 
sound  beef.J 
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The  fat  should  be  firm,  white,  and  free  from 
hfemoi-rhages  ;  not  yellow  or  gelatinous. 

Tat  consists  oi'  olein,  palmitin,  and  stearin,  which  are 
respectively  oleic  acid,  j)almitic  acid,  and  stearic  acid,  combined 

with  glj'cerine  as  a  base.  Stearin,  i**  ^  ^  |  O3,  melts  at 
about  65°  C. ;  palmitin,  ^^-^^'^^^  \  o^,  at  a  variable  point 

3  5' 

between  35°  C.  and  60°  C;  olein,(^i8H3;<0)3  j  Q  q 

Fats  with  a  high  melting  point,  sucb  as  mutton  fat,  consist 
mainly  of  stearin ;  those  with  a  low  melting  point,  such  as 
bacon  fat,  principally  of  olein. 

Sausages  are  liable  to  convey  the  same  diseases  as 
the  meat  from  which  they  are  made,  but  there  are 
no  longer  any  macroscopic  signs  to  guide  us.  In  a 
fatal  case  at  Chester,  investigated  by  Ballard,  violent 
symptoms  of  gastro-intestinal  irritation  came  on  within 
half  an  hour  of  eating  sausage,  which  was  found 
to  contain  an  organic  chemical  poison.  There  have 
since  been  similar  cases.  Decomposition  may  be 
detected  by  the  smell,  which  is  made  n)ore  obvious 
by  adding  hot  water  and  lime-water. 

Preservation  of  meat  may  be  effected  for  a 
time  : 

(1)  By  exclusion  of  air.  The  meat  is  dipped  into 
boiling  water  so  as  to  form  an  impervious  layer  of 
coagulated  albumen  on  the  surface  ]  or  coated  with 
paraffm,  or  simply  with  fat, 

(2)  By  injection  of  preservative  solutions.  The 
blood-vessels  are  injected  first  with  water,  then  with  a 
solution  of  alum  and  aluminium  chloride — or  even 
sodium  chloride. 

(3)  By  application  of  preservatives  to  the  surface. 
The  meat  may  be  covered  with  salt,  sugar,  boracic 
acid,  boroglyceride,  powdered  charcoal,  weak  carbolic 
acid,  or  other  fixed  antiseptic.  Or  it  may  be  kept  in 
a  closed  vessel  containing  volatile  oils  or  antiseptics. 
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(4)  By  pickling.  Common  salt,  with  a  little 
potassium  nitrate,  is  rubbed  into  the  meat,  or  the 
latter  is  immersed  in  strong  brine.  Water  is 
abstracted,  and  the  salt  acts  as  a  preservative. 

(5)  By  drying.  Meat  is  exposed  in  somewhat 
thin  layers  to  dry  air,  or,  still  better,  to  the  smoke 
from  a  wood  fire. 

(6)  By  continuous  exposure  to  cold  (^freezing). 
Meat  can  be  kept  in  a  cold-air  chamber  for  an 
indefinite  period,  but  decomposes  rapidly  upon 
thawing  if  rigor  mortis  had  set  in  before  freezing.  It 
is  better  to  keep  the  temperature  a  little  above 
freezing-point  (^refrigerated  or  chilled  meat),  as 
actual  freezing  has  certain  disadvantages. 

(7)  By  hermetically  sealing  in  tin  cases  or  other 
vessels  in  vacuo,  or  in  sterilised  air.  Various  devices 
are  adopted  to  stei'ilise  the  contents  of  the  tins. 
Before  sealing,  air  may  be  drawn  off  and  replaced  by 
nitrogen  and  sulphurous  acid,  or  by  air  which  has 
been  heated  to  500°  F.,  or  by  steam.  Other  pro- 
cesses aim  at  complete  exclusion  of  air,  or  exclusion 
of  part  and  removal  of  oxygen  from  the  remainder 
by  means  of  sodium  sulphite,  or  at  exclusion  of  all 
germ  life  by  boiling. 

The  dangers  attending  the  use  of  preserved  meat 
are  those  depending  upon  the  original  character  of  the 
meat,  already  refei'red  to,  together  with  risk  of  putre- 
faction if  the  process  is  imperfectly  carried  out. 
Tinned  meat  sometimes  gives  rise  within  twelve  hours 
to  .symptoms  of  acute  gastro-iutestinal  irritation,  viz. 
vomiting,  purging,  cramps,  some  degree  of  pyrexia, 
irregular  pulse,  and  prostration.  These  ill  effects  may 
result  from  decomposition  due  to  imperfections  in  the 
process  ;  and  in  this  case  the  tin  will  show  signs  of 
pressure  in  place  of  the  usual  vacuum  ("  blown " 
tins),  and  the  meat  may  have  an  offensive  smell  and 
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taste.  Not  iinfrequently,  however,  no  such  changes 
are  noticed,  but  salts  of  tin,  zinc,  or  lead  are  found 
in  the  meat  and  jelly,  due,  no  doubt,  to  the  action 
of  sodium  chloride  or  organic  acids  upon  the  tin  or 
solder,  perhaps  aided  by  galvanic  action. 

Cooking  brings  about  coagulation  of  the  myosin 
and  other  albuminoids,  renders  the  meat  soft  and 
tender  by  converting  the  connective  tissue  into  gelatin, 
and  reduces  the  amount  of  water  and  exti'actives. 
Boiling  in  the  ordinary  way  causes  a  loss  of  25  per 
cent,  or  more,  but  most  of  the  salts  and  soluble  sub- 
stances may  be  retained  by  plunging  the  meat  for  five 
minutes  into  boiling  water,  and  then  continuing  the 
cooking  at  a  low  temperature.  The  loss  is  greater 
in  roasting  than  in  baking,  and  least  in  boiling.  The 
Various  albuminoids  coagulate  at  temperatures  rang- 
ing from  85°  to  170°  F.,  hemoglobin  at  160°.  If, 
therefore,  the  temperature  at  any  part  does  not  reach 
160°  the  meat  is  Underdone;  and  if  it  exceeds  170°  the 
tissues  shrink  and  become  hard  and  indigestible.  The 
best  temperature  is  about  160°.  Roasting  also  entails 
a  loss  of  about  25  per  cent.,  but  mainly  of  water, 
with  some  fat  and  a  little  gelatin.  It  is  advisable  first 
to  expose  meat  to  an  intense  heat  and  afterwards  cook 
it  slowly.  Ordinary  cooking  or  pickling  aflfords  little- 
protection  in  meat  infected  with  specific  virus. 

Meat  inspection. — The  efl^ectual  inspection  of 
meat  really  requires  (a)  veterinary  inspection  of 
animals  before  slaughter,  and  (h)  systematic  inspec- 
tion in  some  form  of  clearing-house  of  all  market 
meat.  In  the  absence  of  these  two  requirements, 
meat  inspection  must  necessarily  be  incomplete.  In 
some  countries  there  is  State  inspection,  and  all 
marketable  meat  bears  an  official  stamp.  In  this 
country,  however,  meat  inspection  rests  with  the 
Local  Authorities,  the  larger  of  which  employ  meat 
inspectors  specially  qualified  for  the  work. 
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Qualijications  of  Meat  Inspectors. — -The  L.G.B.,  iu  circular 
letters  addressed  to  local  authorities  in  1899  and  1901,  strongly- 
urged  that  Meat  Inspectors  should  be  directed  to  act  in  accord- 
ance with  the  principles  laid  down  by  the  Koyal  Commission 
with  regard  to  the  condemnation  and  seizure  of  meat  affected 
with  tuberculosis  (page  107),  and,  further,  that  they  should 
possess  proper  qualifications  for  the  office,  including  acquaint- 
ance with — 

{a)  The  law  of  meat  inspection. 

[b)  The  names  and  situations  of  the  organs  of  the  body. 

[c)  Signs  of  health  and  disease  in  animals  destined  for 

food,  both  when  alive  and  after  slaughter. 

[d)  The  appearance  and  character  of  fresh  meat,  organs, 

fat  and  blood,  and  the  conditions  rendering  them,  or 
l^reparations  from  them,  fit  or  unfit  for  human 
food. 

Any  Inspector  of  Nuisances  or  Sanitary  Inspector  to  whom^ 
cither  of  these  orders  applies  is  required  in  any  case  of  doubt 
in  connection  with  the  inspection  and  seizure  of  meat  to  report 
the  matter  to  the  Medical  Officer  of  Health,  with  the  view  of 
obtaining  his  advice  thereon. 

Methods  of  Inspection. — Cursory  inspection  will 
frequently  mislead,  and  it  is  desirable  for  the  meat 
inspector  to  perform  his  duties  in  a  systematic 
manner.  At  the  slaughter-house  or  in  the  wholesale 
market  meat  Inay  be  examined  as  follows  (written 
notes  being  made)  : — 

(a)  hispection  of  the  Carcase, — Note  in  partic- 
ular the  species  of  animal,  the  general 
character  of  the  carcase,  size,  weight,  emaci- 
ation, the  condition  of  the  bones,  the  pleura 
(and  whether  "  stripped "  or  not),  the 
peritoneum,  the  kidneys,  the  superficial  and 
deep  glands,  the  colour  and  condition  of 
the  flesh  (to  be  judged  by  the  freshly  cut 
surface),  staining  of  the  peritoneum  owing  to 
decomposition  in  the  intestine,  signs  of  dropsy 
or  inflammation,  signs  of  drugging,  etc. 

(6)  InsjjBction  of  the  Organs  {coistituting  the 
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"offal"). — The  head;  the  heart,  lungs  and 
liver  ("  plucks  ")  ;  spleen,  udder,  stomach, 
and  intestines,  should  each  be  examined  if 
available. 

(c)  The  Mode  of  Dressing  the  Carcase. — Artificial 
inflation  of  emaciated  tissues  by  air,  the 
smearing  of  fat  over  the  surface  of  the 
carcase,  stripping  of  the  membranes,  skilful 
dressing  of  the  carcase,  and  evident  prepara- 
tion of  it  for  market,  should  all  be  noted. 
Sometimes  methods  are  adopted  to  disguise 
the  real  condition  of  meat  on  the  one  hand, 
and,  on  the  other,  meat  for  human  consump 
tion  is  dressed  to  a  marketable  standard. 

(c?)  Miscellaneous. — In  addition  to  the  condition 
of  the  meat  itself,  there  are  other  matters 
not  to  be  neglected  by  the  meat  inspector, 
such  as  the  price  marked  upon  tlie  meat, 
whether  it  was  exposed  for  sale,  or  deposited 
for  the  purpose  of  sale,  or  deposited  for 
preparation  for  sale,  the  hour  at  which  it 
was  inspected  (or  subsequently  seized),  the 
condition  and  temperature  qf  the  weather, 
etc.  All  these  may  become  of  importance 
in  any  subsequent  proceedings. 

Mode  of  Froceeding. — An  inspector  who  comes  across  un- 
wholesome meat  should  {a)  "seize"  it,  unless  it  be  voluntarily 
surrendered  by  the  owner  taking  the  initiative,  and  (h)  inform 
the  M.O.H.    If  the  M.O.H.  considers  the  meat  unfit  for  food, 

(c)  it  should  at  once  be  submitted  to  a  magistrate  for  con- 
demnation and  destruction,  the  owner  boiug  permitted  to 
have  the  meat  seen  by  experts  on  his  behalf  if  he  so  wishes. 

(d)  The  case  should  be  fully  reported  to  the  S.A.,  and 
instructions  may  be  taken  as  to  proceedings.  The  portions 
of  evidence  which  may  be  required  in  court  are  as  follows  : — 
(i.)  A  copy  of  the  summons  issued  by  the  S.A.  against  (he 
owner  of  the  nicat;  (ii.)  the  order  signed  by  the  magistrate 
to  the  effect  that,  having  examined  the  meat,  ho  had  ordered 
its  destruction;  (iii.'^  the  resolution  of  the  S.A.  or  Committee, 
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signed  by  the  chairman ;  (iv.)  copies  of  subpoenas;  (v.)  a  clear 
and  concise  statement  of  the  inspector's  evidence  of  seisiure 
and  the  reasons  for  seizure  ;  (vi.)  a  statement  by  the  M.O>H. 
as  to  the  pathological  condition  of  the  meat  in  question  and  its 
unfitness  for  human  food  ;  (vii.)  collateral  evidence  of  medical 
or  veterinary  experts,  if  such  are  to  be  called,  and  of  other 
persons,  salesmen,  porters,  butchers,  slaughterers,  etc. 

Classification  of  UnwJiolesome  Meat.  —  Before 
forming  an  opinion  as  to  unwholesomeness  of  meat, 
it  is  necessary  to  decide  as  to  its  quality  and  condi- 
tion ;  that  is,  whether  it  is  fresh  home-grown  meat  or 
frozen,  chilled,  salted,  or  pickled  meat.  Having  as- 
sured himself  of  the  conditions  under  which  the  meat 
is  being  examined,  the  next  step  for  the  meat  inspector 
is  to  diagnose  the  disease  with  which  the  meat  is 
affected.  Broadly,  and  for  practical  purposes  of  meat 
inspection,  these  may  be  divided  into  three  groups— 
(a)  General  pathological  conditions ;  (6)  Specific 
disease  ;  (c)  Decomposition.  Among  the  first  group 
are  conditions  of  ordinary  degeneration  of  the  tissues 
and  inflammation  :  fatty  infiltration,  calcification, 
and  infiltration  by  pigment,  as  in  melanosis  and  jaun- 
dice ;  cloudy  swelling,  fatty  degeneration,  amyloid 
disease,  gangrene,  etc.  ;  fevered  flesh  and  the  meat 
of  unbled  animals  that  have  died  or  have  been 
slaughtered  when  in  a  moribund  condition.  The 
last  named  is  blood-stained,  sticky,  pits  on  pressure, 
and  possesses  a  ursjemic  smell.  It  rapidly  decomposes, 
and  is  heavily  charged  with  ptomaines.  There  are 
a  variety  of  inflammatory  diseases,  some  of  which 
are  doubtless  due  to  specific  causes,  and  others  of 
which  the  origin  is  obscure. 

Secondly,  there  are  the  specific  diseases  of  animals 
which  cause  meat  to  be  unfit  for  food.  These  diseases 
are  not  necessarily  transmissible  to  man,  but  they 
produce  in  the  tissues  of  the  animal  suffering  from 
them  certain  poisonous  toxins.    It  should  be  remem- 
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bered  that  in  many  cases  such  products  occur  early 
in  the  disease^  and  not  only  when  it  has  reached  an 
advanced  stage.  Among  specific  diseases  for  which 
meat  should  be  seized  as  unfit  for  food  are  tubercu- 
losis, actinomycosis,  glanders,  anthrax,  swine  fever, 
contagious  pleuro-pneumonia,  septicaimia,  cattle 
plague,  and  a  large  number  of  parasitical  diseases. 

Decomposition  of  meat  is,  of  course,  a  post-mortem 
change.  The  rapidity  with  which  the  decomposition 
sets  in  depends  upon  many  circumstances  external  to 
the  meat,  such  as  temperature  of  the  air,  place  of 
storage,  etc.  Colour,  consistence,  and  odour  are  the 
three  chief  signs  upon  which  reliance  may  be 
placed. 

Fisli  are,  as  a  rule,  nutritious  and  digestible  but 
deficient  in  fat,  though  eels  contain  it  in  abundance, 
and  salmon  and  herrings  also.  Fish  should  be  eaten 
only  in  season,  unbruised,  fresh,  firm,  and  free  from 
offensive  smell  and  disease.  Unsound  fish  is  dull  in 
appearance,  discoloured,  and  ofiensive.  The  lea.st 
decomposition  renders  fish  unfit  for  food,  and  liable 
to  cause  gastro- intestinal  irritation  if  eaten.  Similar 
sym^itoms  occasionally  follow  the  use  of  apparently 
sound  fish.  Consumption  of  the  halibut,  and  prob- 
ably of  other  fish  also,  has  been  known  to  cause 
diarrhoea  and  vomiting,  and  within  a  few  hours  a 
vivid  red,  rash  may  appear  over  the  upper  part  of 
the  body,  followed  by  profuse  desquamation  lasting 
several  days.  Fisli  are  largely  preserved  by  the 
means  already  referred  to,  and  especially  by  drying, 
curing,  salting,  or  canning. 

Oysters  and  slicll-lisli.— Oysters  eaten  raw 
are  readily  digested,  but  other  shell  lish  are  as  a  rule 
indigestible  and  not  unfrequently  cause  dyspepsia 
and  urticaria,  Mussels  are  especially  prone  to  be 
poisonous,  the  symptoms  including  not  only  dyspepsia 
and  urticaria,  but  also  swelling  of  the  tongue  and 


Chap.  IV.] 


Oysters. 


117 


fauces,  numbness  of  the  limbs,  and  weak,  ii'regular 
pulse.  Severe  and  often  fatal  attacks  have  been 
attributed  to  eating  mussels  gathered  upon  shores 
polluted  by  sewage.  Many  of  the  cases  of  mussel- 
poisoning  are  believed  to.  be  due  to  simple  acute 
dyspepsia,  but  others  have  been  traced  to  an  alkaloidal 
poison  {mytilotoxine)  contained  in  the  liver  of  the 
mussel. 

Cockles  and  periwinkles  arc  usually  cooked,  but 
mxissels  are  often  eaten  raw,  and  if  taken  from  beds 
to  which  sewage  has  access  appear  occasionally  to  have 
given  rise  to  enteric  fever  among  consumers. 

Oysters,  under  like  conditions,  have  been  found  to 
convey  enteric  fever,  and  the  evidence  clearly  points 
to  a  certain  ability  to  transmit  the  infection  of 
cholera  also.     In  the  spring  of    1894  Newsholme 
attributed  a  number  of  cases  of  enteric  fever  at 
Brighton  to  the  consumption  of  oysters,  and  in  October 
and  November,  1894,  a  sudden  and  brief  outbreak  of 
enteric  fever  occurred  among  the  students  at  Wesleyan 
University,  Connecticut,  and  was  investigated  by  Conn. 
In  all,  23  of  the  students  were  attacked,  13  of  the  cases 
being  of  severe  character,  and  4  fatal.      The  other 
10  were  of  very  mild  type.    A  consideration  of  the 
dates  of  attack  led  to  the  conclusion  that  infection 
must  have  taken  place  at  the  time  of  a  series  of  initia- 
tion suppers,  and,  by  exclusion  of  other  possible  factors, 
the  one  condition  common  to  all  sufferers  was  found 
to  be  the  eating  of  raw  oysters  taken  from  a  certain 
ground  within  100  yards  of  sewers  receiving  the 
drainage  of  houses  in  one  of  which  were  two  persons 
suffering    from    enteric   fever.      Apart   from  the 
students,  there  were  a  number  of  guests,  two  of  whom 
had  well-marked  enteric  fever,  and  several  had  less 
definite   diarrheal  attacks.      Chantemesse   has  re- 
corded that  in  June,  1896,  fourteen  persons  living  in 
six  houses  at  Saint- Andre-de-Sangonis  ate  some  oysters 
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which  had  been  stored  in  sewage-contaminated  water. 
All  of  these  persons,  but  no  other  members  of  their 
households,  fell  ill.  Six  had  severe  attacks  of  enteric 
fever,  one  ending  fatally,  but  in  the  other  eight  tlie 
symptoms  were  slight.  Among  other  microljes,  the 
hacillus  coli  was  found  in  oysters  grown  under  like 
conditions ;  and  Eberth's  bacillus,  as  well  as  the  colon 
bacillus,  was  found  in  the  liquor  and  in  the  body  of  the 
oysters  which  had  been  placed  in  sea- water  purposely 
contaminated  with  enteric  discharges. 

In  1896  Bulstrode  and  Klein  reported  to  the  L.G.B.  upon 
Oyster  Cultnre  in  Eelation  to  Disease.  Experiments  by  Klein 
gave  results  which  are  thus  summarised  by  Thorne  Thome  in 
the  introduction  to  this  Report  : 

1.  The  cholera  vibrio,  and  still  more,  the  typhoid  bacillus,  are 
difficult  of  demonstration  in  sewage  known  to  have  re- 
ceived them, 

2.  Both  these  organisms  may  persist  in  sea-water  tanks  for 
two  or  more  weeks,  the  typhoid  bacillus  retaining  its 
characteristics  unimpaired,  while  the  cholera  ^-ibrio  tends 
to  lose  them. 

3.  Oysters  from  sources  which  appeared  to  be  free  from  risk 
of  sewage  contamination  exhibited  none  of  the  bacteria, 
specific  or  otherwise,  which  are  commonlj'  regarded  as 
being  concerned  with  sewage. 

4.  Oysters  from  a  few  out  of  numerous  batches  derived 
from  sources  Avhere  they  did  appear  to  be  exposed  to  risk 
of  sewage  contamination  were  found  to  exhibit  colon 
bacilli — a  circumstance  which,  notwithstanding  the  com- 
parative universality  of  this  intestinal  organism,  may  be 
regarded  as  having  some  significance  by  reason  of  the 
absence  of  this  bacillus  from  oysters  which  appeared  to 
have  been  exposed  to  no  such  risk. 

Since  that  time  there  have  been  several  consider- 
able outbreaks  of  enteric  fever  and  gastro-enteritis 
due  to  eating  infected  oysters,  including  two  at 
Winchester  and  Southampton  in  1902,  wliich 
Bulstrode  traced  to  eating  oysters  grown  on  beds 
polluted  with  sewage.  He  summarised  the  evidence  as 
follows  ;  Two.  mayoral  banquets  occuri*ed  on  the  same 
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day  in  separate  towns  several  miles  apart.  In  con- 
nection with  each  banquet  there  occurred  illness  of 
analogous  nature,  attacking,  approximately,  the  same 
percentage  of  guests  (62  persons  or  46-3  per  cent,  at 
Winchester,  55  persons  or  41*3  per  cent,  at  South- 
ampton), and  at  corresponding  intervals.  At  both 
banquets  not  eveiy  guest  partook  of  oysters,  but  all 
those  guests  who  suffered  enteric  fever,  and  approxi- 
mately all  those  who  suffered  other  illness,  did  partake 
of  oysters.  Oysters  derived  directly  from  the  same 
source  constituted  the  only  article  of  food  which  was 
common  to  the  guests  attacked,  and  oysters  from  this 
source  were  at  the  same  time  and  in  other  places 
proving  themselves  competent  causes  of  enteric  fever. 
Klein  found  B.  coli,  B.  enteritidis  sporogenes,  and 
other  organisms  allied  to  the  Gaertner  group  of  bacilli 
in  oysters  from  the  same  layings,  and  many  other 
bacteriologists  have  demonstrated  the  presence  of 
these  organisms  in  oysters  derived  from  polluted 
beds. 

The  results  of  the  investigations  carried  out 
by  Houston  for  the  Royal  Commission  on  Sewage 
tend  to  prove  that  the  contamination  of  oysters  by 
B.  coli  is  widespread  and  not  altogether  dependent 
on  sewage  contamination.  He  examined  over  1,000 
oysters,  and  nearly  all,  from  whatever  laying  they 
were  taken,  contained  B.  coli  or  coliform  organisms. 
This  did  not  hold  good  as  regards  deep-sea  oysters, 
wliich  were  free  from  this  organism  (and  spores  of 
B.  enteriiidift  sporogenes),  as  was  also  deep-sea  water. 
Houston  found  the  number  of  B.  coli  in  an  oyster 
varied  from  10  to  10,000  (in  10-15  c.c),  and  the 
contents  of  the  stomach  of  the  oyster  contained  more 
B.  coli  than  tlie  liquor  in  the  shell.  Eewer  B.  coli 
were  found,  as  a  i-ule,  in  oysters  stored  in  pure 
waters,  but  instances  occurred  where  the  numbers  of 
such  bacilli  were  as  great  as  in  oysters  from  coutam- 
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inated  sources.  It  has  beeia  shown  by  various 
workers,  most  recently  by  Klein  in  1905,  that  oysters, 
cockles  and  mussels  have  the  power  of  clearing  them- 
selves of  infective  germs,  partly  by  passing  them 
out,  and  partly  by  "  dii'cctly  devitalising  the 
microbe." 

Such  is  some  of  the  bacteriological  evidence  down 
to  recent  date,  and  whilst  it  may  appear  to  be  of  a 
conflicting  nature,  there  ai'e  certain  conclusions  which 
may  be  drawn.  First,  the  number  as  well  as  the 
presence  of  B.  coli  in  oysters  must  be  considered. 
Secondly,  topographical  evidence  as  to  pollution  must 
be  taken  in  conjunction  with  bacterial  evidence,  and, 
at  present,  the  former  is  more  reliable  than  the  latter. 
Thirdly,  oysters  ordinarily  groAvn  on  contaminated 
oyster-beds  may,  and  do  on  occasion,  contain  the 
virulent  specific  bacillus  of  typhoid,  which  can  live 
both  in  sea-water  and  within  the  shell  of  the  oyster. 
This  being  so,  the  risk  of  typhoid  infection  from 
oysters  is  a  real  one,  although  in  actual  occurrence 
many  conditions  have  to  be  fulfilled. 

Preventive  Measures. — Piesent  legislation  does  not  give  to 
local  authorities  any  power  of  inspection  or  control  over  oyster- 
layings  or  shell-fish  beds,  nor  any  powers  to  prevent  the  sale 
in  their  district  of  oysters  and  other  molluscs  derived  from 
sewage -contaminated  sources,  nor  have  they  powers  to  control 
the  importation  of  foreign  oysters  from  whatever  source. 
Oysters  fattened  on  contaminated  beds  should  be  deposited  for 
a  time  in  pure  sea-water  before  consumption.  They  should  on 
no  account  be  stored  in  unclean  water. 

Other  shell-fisli  than  oysters  from  time  to 
time  cause  epidemics  or  individual  cases  of  gastro- 
intestinal irritation,  and  probably  contain  germs 
acquired  from  their  food,  which  is  frequently  filth. 
In  a  report  to  the  L.G.B.  on  "  Cockles  as  Agents  of 
Infectious  Diseases,"  Klein  recorded  finding  B.  coli 
in  3  out  of  8  cockles  >vhich  had  been  taken  from  a 
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foreshore  polluted  with  the  discharge  from  a  sewer 
outfall,  and  also  B.  enteritidis  sjiorogenes  in  4  of  them. 
No  typhoid  bacilli  were  detected.  In  8  raw  cockles 
in  their  .shells  bought  from  a  street  hawker,  he  found 
no  typhoid  organisms,  but  B.  coli  was  found  in  5  out 
of  the  8  cockles  and  B.  enteritidis  sjjorogenes  in  4  out 
of  the  8.  In  subsequent  experiments  Klein  came  to 
the  conclusion  that  a  mussel  immersed  for  22  hours  in 
cholera-infected  water  retained  the  bacilli  of  cholera 
for  48  hours  after  immersion  in  clean  sea-water,  and 
the  same  may  be  said  in  respect  of  typhoid  infection. 
Indeed,  evidence  was  obtained  showing  that  the 
tyi:)hoid  bacillus  could  multiply  in  cockles.  Merely 
pouring  boiling  water  over  a  heap  of  shell-fish,  as  is 
customary,  does  not  necessarily  destroy  either  cholera 
or  typhoid  infection  contained  in  them.  Steam  sterili- 
sation or  boiling  is  necessary.  Since  the  time  of 
Klein's  report,  a  number  of  outbreaks  of  disease, 
including  enteric  fever,  have  been  traced  to  the 
consumption  of  mussels  and  cockles,  and  it  has  been 
shown  that  the  cooking  which  these  shell-fish  generally 
undergo  is  not  sufiicient  to  free  them  from  risk. 

ITlilk  contains  nitrogenous  substances,  fat,  carbo- 
hydrates, salts,  and  water,  and  may  be  regarded,  in  a 
sense,  as  a  complete  diet  in  itself.  The  chemical 
composition  varies  somewhat  according  to  the  breed  of 
animal,  its  age,  the  period  since  calving,  and  the  diet 
and  physical  conditions. 
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Or  the  average  milk  constitution  may  be  exj^ressed 
thus  :— 

Fat      ....  4-1  per  cent. 

Solids  not  fat  .  .  8-8 


Total  solids     .  .         12-9  ,, 

Water  .  ...        87-1  „ 

Milks  vary  in  standard,  and  the  above  figures  can 
only  be  taken  as  fair  averages. 

Milk-sugar,  or  Lactose  (Cj.jH.24Oj.,),  is  a  constant  constituent 
of  milk,  forms  the  chief  substance  in  solution  in  whey  or 
serum,  and  is  a  memher  of  the  cane-sugar  group.  Is  found  in 
A'arying  quantities  in  the  milk  of  mammals.  About  0  per  cent, 
is  present  in  human  milk,  and  somewhat  less  in  that  of  the 
cow.  It  is  very  resistant  to  fermentation  by  yeast,  and  tliere- 
fore  undergoes  alcoholic  fermentation  very  slowly.  It  is  not 
acted  upon  by  rennet,  pepsin,  or  trypsin.  But  of  all  the 
sugars  it  is  most  readily  acted  upon  by  micro-organisms. 

Fat  occurs  in  milk  as  suspended  globules  of  varying  size. 
It  forms  the  cream,  and  by  churning  is,  of  course,  made  into 
butter,  though  both  ci'eam  and  butter  contain  other  constituents 
besides  fat.  Lloyd  has  shown  that  it  is  the  hirge  globules  that 
form  the  cream,  and  he  has  also  made  observations  upon  the 
size  of  fat  globules  in  relation  to  breed  of  cattle.  The  decom- 
position and  breaking  down  of  milk-fat  by  fermentation  is  the 
chief  cause  of  gross  abnormalities  of  cream  and  the  rancidity  of 
butter.  Tlie  proportion  of  cream  averages  about  8  per  cent., 
but  ranges  from  6  per  cent,  in  very  poor  milk  to  12  per  cent, 
or  15  per  cent,  or  more  ;  in  Alderney  cows  it  may  reach  40  per 
cent.  One  part  of  cream  is  said  to  correspond  roughly  to  0'2 
part  of  fat.  More  complete  separation  of  cream  is  effected  by 
contrifugalisation  in  a  separator."  Skimmed  milk  retains  as 
a  rule  about  1  percent,  or  more  of  fat;  .separated  milk  much 
less.  Both  contain  the  casein,  sugar,  and  salts  of  the  milk 
from  which  they  were  made,  and  have  therefore  considerable 
nutritive  value.  "  Fore-milk,"  which  is  the  first  part  of  the 
yield  of  milk  from  the  udder,  contains  but  little  fat ;  the 
"  strippings,"  on  the  other  hand,  at  the  end  of  milking,  are 
lich  in  fat. 

The  Frotcids  of  Milk  include  ca.scin,  lactalbumin,  and  lacto- 
globulin.  Casein  is  the  most  abundant  and  important.  When 
niilk  separates  naturally  into  its  constituent  parts,  the  fat  rises 
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and  the  casein  falls,  leaving  a  clear  fluid,  ttc  milk  plasma  or 
serum,  between  the  two  substances. 

Mineral  Matter. — The  ash  of  milk,  obtained  by  careful 
ignition  of  the  solids,  contains  calcium,  magnesium,  potassium, 
sodium,  phosijhoric  acid,  sulphuric  acid,  chlorine,  and  iron — 
phosphoric  acid  and  lime  being  present  in  the  largest  amounts. 

Human  milk  contains  less  fat,  less  proteid,  and 
more  sugar  than  cow's  milk  {e.g.,  an  analysis  of  average 
human  milk  would  result  in  total  solids,  12'5  j  fat, 
3'7  ;  proteids,  2  "3;  lactose,  6'2  ;  and  ash,  0-3),  and 
therefore  to  modify  cow's  milk  so  as  to  bring  it  approxi- 
mately to  the  standard  of  human  milk,  it  is  necessary 
to  dilute  it  and  add  milk-sugar.  Much  debate  has 
arisen  as  to  what  should  be  accepted  a^j  the  minimum 
standard  for  the  various  constituents  of  milk.  Broadly 
it  is  now  usual  to  fix  the  fat  standard  at  2*75-3  per 
cent.,  and  the  "solids  not  fat  "  at  8 "5  per  cent. 

The  following  are  the  recommendations  (1901)  of 
^  the  majority  of  a  Departmental  Committee  : — 

1.  — That  Regulations  under  s.  4  of  the  Food  and  Drugs 
Act,  1899,  be  made  by  the  Board  of  Agriculture  with  respect 
to  milk  (including  condensed  milk)  and  cream. 

2.  — [a)  That  in  the  case  of  any  milk  (other  than  skimmed, 
separated,  or  condensed  milk)  the  total  milk  solids  in  which,  on 
being  dried  at  100"  C,  do  not  amount  to  12  per  cent.,  a  pre- 
sumption shall  be  raised,  until  the  contrary  is  proved,  that  the 
milk  is  deficient  in  the  normal  constituents  of  genuine  milk. 

{b)  That  any  milk  (other  than  skimmed,  separated,  or 
condensed  milk)  the  total  milk  solids  in  which  are  less  than  12 
per  cent.,  and  in  which  the  amount  of  milk  fat  is  less  than 
3 '2.5  per  cent.,  shall  be  deemed  to  be  so  deficient  in  milk  fat  as 
to  raise  a  presumption  that  it  has  been  mixed  with  separated 
iiiilk  or  water,  or  that  some  portion  of  its  normal  content  of 
milk  fat  has  been  removed.  In  calculating  the  percentage 
amount  of  deficiency  of  fat  the  analyst  shall  have  regard  to  the 
above-named  limit  of  3  •25  per  cent,  of  milk  fat. 

(c)  That  any  milk  (other  than  skimmed,  separated,  or 
condensed  milk)  the  total  milk  solids  in  which  arc  loss  than  12 
per  cent.,  and  in  which  the  non-fatty  milk  solids  are  less  than 
8'5  per  cent.,  shall  be  deemed  to  be  so  deficient  in  normal 
constituents  as  to  raise  a  presumption  that  it  has  been  mixed 
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with  water.  In  calculating  the  percentage  amount  of  ad- 
mixed water  the  analyst  shall  have  regard  to  the  above- 
named  limit  of  8-5  per  cent,  of  non- fatty  milk  solids,  and  shall 
further  take  into  account  the  extent  to  which  the  milk  fat  may 
exceed  3-25  per  cent. 

3.  — That  the  artificial  thickening  of  cream  by  any  addition 
of  gelatine  or  other  substance  shall  raise  a  presumption  that 
the  cream  is  not  genuine. 

4.  — That  any  skimmed  or  separated  milk  in  which  the 
total  milk  solids  are  less  than  9  per  cent,  shall  be  deemed  to  be 
so  deficient  in  normal  constituents  as  to  raise  a  presumption 
that  it  has  been  mixed  with  water. 

5.  — That  any  condensed  milk  (other  than  that  labelled 
"machine-skimmed  milk  "  or  '•  skimmed  milk,"  in  conformity 
with  s.  11  of  the  Food  and  Drugs  Act,  1899)  in  which  either 
the  amount  of  milk  fat  is  less  than  10  per  cent,  or  the  amount 
of  non-fatty  milk  solids  is  less  than  25  per  cent,  shall  be  deemed 
to  be  so  deficient  in  some  of  the  normal  constituents  of  milk  as 
to  raise  a  presumption  that  it  is  not  genuine. 

The  following  expressions  of  opinion  are  added :  — 
(«)  That  it  is  desirable  to  call  the  attention  of  those 
engaged  in  the  administration  of  the  Food  and  Drugs  Acts  to 
the  necessity  of  adopting  effective  measures  to  prevent  any 
addition  of  water,  separated  or  condensed  milk,  or  other 
extraneous  matter,  for  the  purpose  of  reducing  the  quality  of 
genuine  milk  to  any  limits  fixed  by  regulation  of  the  Board  of 
Agriculture. 

(5)  That  it  is  desirable  that  steps  should  be  taken  with  the 
view  of  identifying  or  "ear-marking"  separated  milk  by 
the  addition  of  some  suitable  and  innocuous  substance,  and  by 
the  adoption  of  procedure  similar  to  that  provided  by  s.  7  of 
the  Food  and  Drugs  Act,  1899,  in  regard  to  margarine. 

(y)  That  it  is  desirable  that,  so  far  as  it  may  be  found 
practicable,  the  procedure  ado^jted  in  collecting,  forwarding, 
and  retaining,  pending  examination,  samples  of  milk  (including 
condensed  milk)  and  cream  under  the  Food  and  Drugs  Acts 
should  be  uniform. 

{d)  That  it.  is  desirable  that,  so  far  as  may  be  found 
practicable,  the  methods  of  analysis  used  in  the  examination 
of  samples  of  milk  (including  condensed  milk)  or  cream  taken 
under  the  Food  and  Drugs  Acts  should  be  uniform. 

(e)  That  it  is  desirable  in  the  case  of  condensed  milk  (other 
than  that  labelled  "  machine-skinimrd  milk ''  or  "skimmed 
milk,"  in  conformity  with  s.  11  of  the  Food  and  Drugs  Act, 
1899)  that  the  label  should  state  the  amount  of  dilution 
required  to  make  the  proportion  of  milk  fat  equal  to  that 
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found  in  uncondensed  milk  containing  not  less  than  3'25  per 
cent,  of  milk  fat. 

(/)  That  it  is  desirable  in  the  case  of  condensed  whole 
milk  to  limit,  and  in  the  case  of  machine-skimmed  milk  to 
exclude,  the  use  of  sugar. 

{g)  That  official  standardising  of  the  measuring  vessels 
commercially  used  in  the  testing  of  milk  is  desirable. 

The  Sale  of  Milk  Regulations  of  1901  which 
followed  this  report  lay  down  that  (a)  where  a  sample 
of  Diilk  contains  less  than  3  per  cent,  of  milk-fat,  it 
shall  be  presumed  until  the  contrary  is  proved  that 
the  milk  is  not  genuine  by  reason  of  the  abstraction 
therefrom  of  milk  fat  or  the  addition  thereto  of  water ; 
(6)  where 'a  sample  of  milk  contains  less  than  8  "5  per 
cent,  of  "  solids  not  fat,"  it  shall  be  presumed  until 
the  contrary  is  proved  that  the  milk  is  not  genuine 
by  reason  of  the  abstraction  therefrom  of  "  solids  not 
fat,"  or  the  addition  thereto  of  water ;  and  (c)  when  a 
sample  of  skimmed  or  separated  milk  (not  being 
condensed  milk)  contains  less  than  9  per  cent,  of  solids 
(including  fat),  it  shall  be  pi-esumed  that  the  milk  is 
not  genuine.  Tliese  regulations  are  in  force  through- 
out Great  Britain. 

Adulterations. — -Addition  of  water  and  abstraction 
of  cream  are  by  far  the  most  frequent  frauds.  Sodium 
carbonate,  sodium  chloride,  starch,  borax  (1-2,000), 
formalin  (1-50,000),  or  salicylic  acid  are  occasionally 
added,  either  as  preservatives  or  in  order  to  mislead 
the  analyst.  Skimmed  milk  or  separated  milk  is  fre- 
quently fortified  by  the  addition  of  condensed  milk, 
and  whole  milk  is  not  unfrequently  diluted  with 
separated  milk.  A  good  deal  of  "  manipulation  "  of 
milk  goes  on,  mixing  of  poor  with  rich,  and  of 
separated  and  condensed  milks  with  water  and  with 
whole  milk.  Annatto  and  turmeric  are  often  added 
to  impart  a  yellow  colour  to  milk. 

Addition  of  water  lowers  the  specific  gravity,  the 
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percentage  of  fat,  "solids  not  fat,"  and  salts;  it  also 
makes  the  cream  rise  more  readily  to  the  surface. 
Abstraction  of  fat,  by  skimming  or  by  the  use  of  the 
separator,  increases  the  specific  gravity  and  the  per- 
centage of  salts  and  "  solids  not  fat,"  but  of  course 
i-educes  the  fat  and  therefore  the  yield  of  cream.  The 
addition  of  condensed  milk  to  skimmed  milk  may  give 
an  appearance  of  extreme  richness,  but  the  salts 
and  "  solids  not  fat "  will  be  in  excess. 

Owing  to  tlie  social  changes  by  which  an  increasing 
percentage  of  the  population  lives  in  towns,  the  practice 
of  adding  preservatives  to  milk,  with  a  view  to 
"  keeping  "  it  over  the  necessary  transit  and  delay  in 
reaching  the  consumer,  is  increasing. 

In  1901  another  Departmental  Committee  ap- 
pointed by  the  Board  of  Agriculture  recommended : — 

1.  That  the  use  of  formaldehyde  in  food  and  drink  be 
absolutely  prohibited,  and  that  salicylic  acid  be  not  used  in 
greater  proportion  than  one  grain  per  pint  or  pound  respectively 
for  liquid  or  solid  food,  its  presence  in  all  cases  to  be  declared. 

2.  That  the  use  of  any  preservatives  or  colouring  matter, 
in  milk  be  made  an  offence  under  the  Sale  of  Food  and  Drugs 
Acts. 

3.  That  boric  acid  preservati\'es  only  be  allowed  in  cream 
the  amount  not  to  exceed  0-25  per  cent,  and  be  notified  on  a 
label. 

4.  That  boric  acid  preservatives  only  be  allowed  in  butter, 
the  amount  not  to  exceed  0"5  per  cent. 

o.  That  chemical  preservatives  be  prohibited  in  all  dietetic 
preparations  for  the  use  of  children  and  invalids. 

6.  That  the  use  of  copper  salts  for  "greening"  be  pro- 
hibited. 

7.  That  a  Court  of  Reference  be  established  to  supervise 
the  use  of  preservatives  and  colouring  matters  in  food. 

Bactoi'in  in  milk. — Milk  as  it  leaves  the  healthy 
udder  is  a  sterile  fluid,  but  at  the  time  of  milking, 
during  transit  to  the  dairy,  at  the  milkshoji,  and  in  the 
home  of  the  consumer,  it  becomes  more  or  less  con- 
taminated.   Being  a  favourable  medium  for  the  growth 
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of  bacteria,  and  being  frequently  kept  for  some  time  at 
a  favourable  temperature  for  the  multiplication  of 
germs,  milk  becomes,  as  a  rule,  heavily  impregnated 
with  bacteria.  Disease  of  the  cow's  udder  when  present 
would  add  a  further  quota.  Thus  it  comes  about  that 
milk  is  often  found  to  contain  millions  of  bacteria  per 
cubic  centimetre,  varying  in  number  according  to 
cleanliness  or  otherwise,  treatment,  temperature,  and 
storage.  The  species  of  bacteria  found  in  milk  may 
be  roughly  classified  as  :  {a)  ordinaiy  bacteria  of  soil 
and  water;  bacteria  of  sewage,  manure,  or  intestinal 
origin  ;  (c)  bacteria  of  fermentation,  and  (ri)  pathogenic 
organisms  associated  with  tuberculosis,  enteric  fever, 
scarlet  fever,  diphtheria,  sore  throat  and  epidemic 
diarrhoea.  Here  it  is  only  necessary  to  consider  the 
last  two  groups  of  bacteria. 

Milk-sugar  undergoes  fermentation  like  other 
sugars  upon  the  introduction  of  a  suitable  fermenting 
agent.  There  are  five  different  kinds  of  such  fer- 
mentation  which  affect  milk,  namely,  lactic  acid  and 
butyric  acid  fermentations,  coagulation  fermentation 
without  acid-production,  alcoholic  fermentation,  and, 
lastly,  a  group  of  anomalous  changes  of  various  kinds. 
Lactic  acid  fermentation  is  the  ordinary  souring  of 
milk.  The  coagulated  casein  is  precipitated,  the  serum 
rises  and  carries  up  lumps  of  fat,  and  the  whole  be- 
comes acid.  This  change  is  due  to  a  group  of 
bacilli  {B.  acidi  lactici),  the  first  member  of  which 
was  discovered  by  Pasteur  and  isolated  by  Lister. 
They  gain  access  to  milk  from  external  sources, 
particular  kinds  being  found  in  the  vicinity  of 
particular  dairies,  soils,  geographical  localities,  etc., 
thus  giving  to  milk  and  butter  characteristic  flavours. 

The  lactic  fermentation  bacteria  are  short  rods,  do 
not  liquefy  gelatine,  nor  do  they  form  spores.  They 
grow  readily  on  gelatine  at  room  temperature,  forming 
as  a  rule  small  circular  colonies,  white  or  grey  in 
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colour,  with  sometimes  a  tinge  of  yellow,  and  the 
surface  of  the  colony  is  smooth  and  glistening.  Tlie 
lactic  acid  organisms  produce  appreciable  amounts  of 
lactic  acid  only  at  somewhat  elevated  temperatures. 
If  the  amount  of  acid  rises  much  above  2  per  cent., 
the  growth  of  the  lactic  acid  bacteria  is  inhibited. 
Many  other  substances  are  produced  in  addition 
to  lactic  acid  {e.g.  acetic  aiid  formic  acids,  alcohol, 
methane,  00^,  etc.).    Only  provisional  classifications 
are  possible  at  present,  as,  owing  to  variations  in 
biology  and  terminology,  it  is  probable  that  certain 
lactic  ororanisms  are  described  under  several  different 
terms.    Generally,  it  may  be  said  that  some  grow  well 
in  the  presence  of  oxygen,  and  others  do  not.  The 
most  common  members  of  the  group  are  the  faculta- 
tive anaerobes  which  sour  milk  best  in  deep  vessels, 
and  produce  a  right-handed  lactic  acid.    They  are 
widely  disti'ibuted  in  nature,  and  may  form  90  per 
cent,  of  the  total  bacteria  in  milk.    Some  produce  gas, 
others  liquefy  gelatine,  and  some  produce  spores. 

Butyric  acid  fermentation,  due  to  the  B.  butyricus, 
is  a  bitter  fepmentation  in  which  hydrogen  and  car- 
bonic acid  gas  are  produced.  It  has  little  of  the 
importance  of  lactic  fermentation  or  even  of  alcoholic 
fermentation  by  yeasts,  by  which  "  koumiss  "  is  pre- 
pared from  mare's  milk  and  "  kephir  "  from  the  milk 
of  goats,  sheep,  and  cows.  Other  fermentations  of 
milk  are  represented  in  (a)  bitter  fermentations  (due  to 
Weigmann's  bacillus  or  Conn's  micrococcus);  (h)  slimy 
fermentations  which  produce  the  "ropiness"  used  in 
the  manufacture  of  Edam  cheese  and  toettmoelk  (due  to 
Micrococcus  viscosufi  and  Streptococcus  hollandicn^s, 
etc.);  (c)  soapy  milk  caused  by  B.  lactis  saponacei, 
and  (d)  a  number  of  chromogenic  fermentations.* 

Pathogenic  organisms  gain  access  to  milk  both 

•  Red  milk  (/J.  prodiciiosmi  and  B.  Inctis  erjithrogeneK) ;  blue  milk 
(B.  cyanogenes) ;  yollow  milk  (B.  synxanthit-i) ;  otc. 
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from  the  cow  and  from  sources  external  to  milk. 
The  tubercle  bacillus  is  the  chief  example  of  the 
former  channel.  Probably  not  less  than  10  to  15  per 
cent,  of  the  milch  cows  of  this  country  are  affected 
with  tuberculosis,  and  about  2  per  cent,  with  tuber- 
culous disease  of  the  udder.*  The  milk  is  most 
infective  when  the  udder  is  diseased.  From  1896  to 
1906  it  was  found  that  8*0  per  cent,  of  the  country 
milk  brought  into  Liverpool  was  tuberculous,  and 
percentages  varying  from  5  to  16  have  been  frequently 
reported  in  market  milk  in  this  country.  Whilst 
tuberculosis  is  not  commonly  spread  among  human 
beings  by  means  of  an  infected  milk  supply,  there  is 
evidence,  derived  from  pathological  and  clinical  ex- 
perience, proving  that  tuberculous  milk  can  and 
does,  on  occasion,  set  up  some  form  of  tuberculosis, 
h\iman  or  bovine,  in  the  bodies  of  man  and  other 
animals  consuming  the  milk.  Phthisical  milkmen  may 
introduce  the  human  tubercle  bacillus  to  milk.  All 
danger  may  be  obviated  by  boiling  the  milk.  The 
typhoid  bacilhts  has  occasionally  found  its  way  from 
sewage,  water,  or  infective  dust  into  milk,  which  is  a 
favourable  medium  for  its  multiplication.  The  same 
may  be  said  of  the  diphtheria  bacillus,  which,  in  four 
cases  on  record,  has  been  actually  isolated  from  milk 
suspected  of  conveying  the  disease  (Bowhill,  Eyre, 
Klein,  Dean  and  Todd).  Some  authorities  now  hold 
that  diphtheria  is  a  disease  of  the  cow  and  that  the 
bacillus  sometimes  gains  access  to  milk  from  the  udder. 
Various  forms  of  streptococcus  have  also  been  isolated 
from  milk.  Their  exact  pathological  significance  is 
unknown. 

Examination  of  milk. 

1.  Specific  gravity  o£  milk  is  measured  by  a  lactometer 
(which  is  a  delicate  hydrometer)  or  by  a  Westphal  balance. 

♦  There  were  4,102,000  milcli  cows  in  the  United  Kingdom  in  1901.  A 
cow  yields  on  an  average  about  400  gallons  of  milk  per  annum, 
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The  specific  gravity  averages  about  1030-1032.  It  is  lowered 
by  watering,  and  raised  by  abstraction  of  fat. 

2.  Total  solids,  wbich  range  from  12  to  13  jjer  cent.,  are 
estimated  by  evaporating  a  small  quantity  of  the  milk  in  a 
platinum  dish,  weighing  before  and  after  drying  (weight  of 
residue  x  100  divided  by  weight  of  milk  =  percentage  total 
solids).  By  deducting  the  amount  of  fat,  the  solids  not  fat  are 
obtained.  The  ash  of  milk,  usually  about  0-7  per  cent.,  is  of 
little  value  as  an  indication  of  quality. 

3.  Fat  may  be  determined  (a)  by  mechanical  methods  such 
as  centrifugalisation,  or  (b)  by  extraction  of  the  fat  by  ether, 
with  or  without  preliminary  destruction  of  the  caseine  by 
acid,  In  Adams'  method  five  c.c.  of  the  milk  are  spotted 
on  to  a  porous  paper,  which  is  thoroughly  dried,  and 
then  rolled  up  and  extracted  with  ether  in  a  Soxhlet 
apparatus.  The  ether  is  syphoned  off  and  evaporated, 
and  when  a  constant  weight  is  obtained  the  quantity  of 
fat  is  determined.  Werner-Schmidt's  method  is  extraction 
of  fat  with  ether,  after  destruction  of  casein  with  strong 
hydrochloric  acid. 

The  fat  in  unadulterated  milk  is  never  less  than  3  0  per 
cent.,  unless  the  "  fore  milk  "  alone  is  taken,  so  that  when  skim- 
ming as  well  as  watering  is  suspected,  the  ratio  3-0  :  8 '5  may  be 
taken  as  the  minimum  proportion  of  fat  to  "  solids  not  fat," 
and  if  the  "solids  not  fat"  are  x,  the  fat  should  be  at  kast 
3"0 

— X,  and  if  the  ascertained  amount  y  of  fat  falls  short  of  this, 


cent,  of  fat  has  been  abstracted. 

4.  Water. — The  results  of  many  thousands  of  analyses 
show  that,  although  the  fat  varies  greatly,  the  percentage  of 
"  solids  not  fat "  in  unadulterated  milk  falls  below  8-5  very 
rarely.  Hence  8  5  per  cent,  is  adopted  as  a  standard. 
If  a  given  milk  contains  x  per  cent.  "  solids  not  fat," 
and  X  is  less  than  8-6,  we  can  affirm  that  however  poor  the 
milk  might  have  been  originally,  it  must  contain  added 

(8*5  —  X  \ 
 X  100  \  per  cent,  of 
8-5^ 

the  sample  ;  or,  in,  other  words,  it  is  (   x  100 1  per  cent. 

\    8-5  / 

worse  than  genuine  milk  of  poorest  quality.  If  it  was 
originally  milk  of  fair  quality,  the  adulteration  must  have 
been  much  greater. 


8-5 


it  is  concluded  that  at  least  100  x 


per 
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5.  Preservatives  in  milk.  —  Boracic  acid  is  detected  by 
moistening  the  ash  with  alcohol  and  H2SO4,  and  applying 
a  light  to  the  mixture  when  so  little  as  1  part  in  10,000  will 
give  a  green  flame ;  or  the  ash  may  be  treated  with  dilute  HCl, 
and  turmeric  paper  will  be  turned  brown,  and  if  touched  with 
sodium  carbonate,  bluish-black.  Salicylic  acid  is  detected  by 
curdling  the  milk  with  mercuric  nitrate,  and  then,  after  shaking 
it  up  with  ether,  evaporating,  and  moistening  the  residue  with 
ferric  chloride.  A  blue  coloration  will  denote  the  presence  of 
salicylic  acid.  Formalin  in  milk  gives  a  purple  colour  if 
warmed  with  hydrochloric  acid  containing  a  trace  of  iron. 

6.  Bacteriological  examination  is  somewhat  similar  to  that 
of  water.  Plate  cultivations  are  made,  etc.,  but  it  is  usually 
necessary  to  dilute  the  milk  with  sterile  water.  Special 
methods  of  examination  have  to  be  adopted  in  searching  for 
pathogenic  organisms.  Generally  it  may  be  said  that  by  the 
centrifuge  or  sedimentation  flask  the  particulate  matter  is 
obtained  and  examined,  and  2  c.c.  are  inoculated  into  a  sus- 
ceptible animal.  For  reliable  examination  for  the  tubercle 
bacillus  it  is  necessary  to  inoculate  animals  with  the  milk,  as 
many  bacilli  simulate  the  tubercle  bacillus  in  almost  every 
particular,  except  its  pathogenic  effect.  Special  staining  and 
culture  tests  are  necessary  for  B.  diphtherice,  streptococcus,^.  Coli, 
and  B.  entcritidis  aporof/enes.  The  number  and  kind  of  bacteria 
present  should  be  determined,  the  degree  of  acidity,  and  the 
presence  or  absence  of  pus  or  blood  cells,  yeast  cells,  dirt,  etc. 

ITIilk  in  relalioii  to  disease. — From  the 
point  of  view  of  preventive  medicine  the  chief 
milk-borne  diseases  are  enteric  fever,  diphtheria, 
scarlet  fever,  sore-throat  illnesses,  and  epidemic 
diarrhoea.  Probably  tuberculosis  is  not  commonly 
spread  by  milk,  and  only  one  or  two  outbreaks  of  milk- 
borne  cholera  are  on  record.  Whether  other  infectious 
diseases,  such  as  measles,  whooping  cough  and  small- 
pox, are  ever  conveyed  by  milk  remains  to  be  proved. 

An  inflammatory  affection  of  the  udder,  known  as 
garget,  has  been  suspected  of  causing  outbreaks  of  sore 
throat,  etc.,  in  those  using  the  milk.  Milk  from  cows 
sufiering  from  foot-and-mouth  disease  is  capable  of 
producing  illness  with  aphthous  stomatitis,  swelling 
of  the  tongue,  and  foetor  of  the  breath,  especially 
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in  children;  in  other  cases  a  severe  form  of 
sore  throat  has  been  the  chief  feature.  Similar 
symptoms  may  attend  the  consumption  of  milk 
from  cows  affected  with  inflammation  or  abscess  of 
the  udder.  The  evidence  is  less  clear  in  regard 
to  other  specific  diseases  to  which  cows  are  subject, 
and,  indeed,  in  most  of  them  the  secretion  is  suppressed, 
but  the  milk  should  never  be  used  for  food.  In  the 
Western  States  of  America  cows  are  subject  to  a 
disease  called  the  "trembles,"  supposed  to  be  due 
to  their  eating  Rhus  toxicodendron,  and  their  milk 
appears  to  cause  in  children  vomiting,  constipation, 
swelling  of  the  tongue,  and  prostration,  with  abnor- 
mally low  temperature.  The  milk  of  goats  that  had 
fed  on  Euphorhium  or  Meadow  Saffron  has  been  known 
to  induce  severe  diarrhoea.  Even  in  the  human  subject 
bitter  and  purgative  drugs,  not  to  mention  morphia 
and  other  alkaloids,  if  taken  by  the  mother,  act  upon 
the  infant  through  the  milk.  Colostinim,  the  milk 
yielded  by  cows  immediately  after  calving,  has  also 
been  shown  to  exert  a  deleterious  effect  on  persons 
consuming  it.  Lastly,  disease  has  been  caused,  it  is 
believed,  by  yeast  cells  in  milk.  Such  an  outbreak 
occurred  at  Lincoln  in  1902  (199  cases).  The 
symptoms  of  the  disease  simulated  scarlet  fever. 
There  was  much  swelling  of  the  tonsils  and  cervical 
glands  with  pyrexia,  gastritis,  and  "  rheumatism." 
Klein  isolated  what  he  believes  to  be  a  pathogenic 
yeast  possibly  bearing  a  relationship  to  the  spores  of 
rusts,  smuts,  and  mushroom  fungi  consumed  by  the 
cows  yielding  the  milk. 

Enteric  Fever. — :In  1857  Michael  Taylor,  of 
Penrith,  first  established  the  fact  that  milk  may  convey 
enteric  fevei-.  Since  that  date  more  than  150  epidemics 
of  this  disease  have  been  traced  to  an  infected  milk 
supply.  Schuder  states  that  17  per  cent,  of  all  typhoid 
epidemics  are  thus  caused.    The  channels  of  infection 
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by  which  the  bacillus  obtains  access  to  milk  have  been 
shown  by  a  study  of  these  outbreaks  to  be  from  direct 
contact  with  typhoid  patients,  from  washing  milk 
vessels  with  infected  water,  from  the  addition  of  such 
water  to  the  milk,  from  the  air  by  dried  typhoid 
excreta,  from  contaminated  cloths  and  clothes,  and 
from  cooling  milk  in  infected  water. 

Diphtheria. — The  first  epidemic  of  diphtheria 
which  was  shown  to  be  milk-borne  Avas  one  in  North 
London  in  1878,  elucidated  by  Power.  More  than  30 
similarly  caused  outbreaks  of  the  disease  have  since 
been  recorded.  How  the  diphtheria  bacillus  gains 
access  to  milk  is  not  known,  but  in  all  probability  it 
is  generally  by  direct  contact.  Persons  suffering  from 
the  disease  may  remain  for  a  long  period  infectious  by 
reason  of  the  retention  for  weeks  after  convalescence 
of  the  bacillus  in  the  throat.  Materials  may  also 
retain  the  infection  for  long  periods.  Water  and 
sewage  do  not  appear  to  convey  the  diphtheria 
bacillus.  Klein  holds  that  the  Klebs-Loffler  bacillus 
is  inoculable  in  cows,  producing  a  specific  eruption  on 
the  udder,  and  within  five  days  the  bacillus  is  excreted 
in  the  cow's  milk.  Several  outbreaks  of  diphtheria 
have  suggested  that  bovine  diphtheria  is  transmissible 
to  man  by  milk. 

Scarlet  Fever. — More  than  70  milk-borne  attacks 
of  scarlet  fever  are  on  record,  and  yet  comparatively 
little  is  known  either  of  the  bacteriology  of  the 
disease  or  of  the  mode  of  infection  of  milk.  Direct 
contact  of  scarlet  fever  patients  with  the  milk  trade 
is  the  most  obvious  channel  of  infection.  In  1882 
Power  found  reason  to  suspect  that  cows  suffered 
from  a  disease  which  could  impart  to  milk  the  virus 
of  scarlet  fever,  and  in  1885  in  the  "  Hendon  disease  " 
outbreak  further  evidence  of  this  was  met  with. 

In  that  year  a  sudden  and  extensive  outbreak  of  scarlet  fever 
occurred  in  Marylebone,  and  was  found  to  be  associated  with  a 
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particular  milk  supply  derived  from  a  farm  at  Hendon.  The 
milk  was  also  distributed  in  St.  Pancras,  Hampstead,  Hendon, 
and  St.  John's  Wood ;  in  each  of  these  districts,  except  the 
last,  scarlet  fever  suddenly  became  prevalent  early  in  Decem- 
ber. On  the  15th  the  milk  sent  to  Marylebone  was  returned 
to  the  farmer,  and  some  of  this  was  given  away  to  persons  at 
Hendon  on  the  15th  and  16th  ;  a  few  days  later,  from  Decem- 
ber 20th  onwards,  a  number  of  cases  of  scarlet  fever  occurred 
among  those  who  had  drunk  the  milk,  and  at  the  same  time 
there  was  a  sudden  decrease  in  the  number  of  attacks  in  Mary- 
lebone. The  disease  was  conveyed  by  the  milk,  and  after 
close  investigation  Power  and  Klein  were  led  to  the  important 
conclusion  that  the  cow  itself  was  the  source  of  infection. 

There  had  been  apparently  no  case  of  scarlet  fever 
among  the  employes  that  could  be  proved  to  have  infected 
the  milk.  Attention  was  next  directed  to  the  cows,  and  many 
of  them  were  found  to  be  suffering,  or  to  have  recently  suf- 
fered, from  vesicles  or  ulcers  upon  the  teats  and  udder.  These 
were  clearly  infectious,  and  had  been  first  seen  upon  a  cow 
that  was  bought  on  November  15th.  The  dates  of  outbreak 
of  scarlet  fever  in  each  district  being  known,  it  was  found  that 
each  outbreak  was  preceded  by  a  few  days  by  the  introduction 
of  this  affection  into  the  cowsheds  from  which  the  milk  supplj' 
of  the  district  was  di'awn.  The  early  exemption  of  St.  John's 
Wood  was  explained  by  the  fact  that  the  disease  had  not 
appeared  in  the  small  shed  from  which  alone  its  supply  was 
drawn.;  but  during  the  inquiry  this  shed  became  affected  at 
last,  and  an  outbreak  in  St.  John's  Wood  immediately  fol- 
lowed. All  the  cows  showing  any  signs  of  the  disease  were  then 
isolated,  and  no  further  cases  of  scarlet  fever  occurred  among 
the  consumers  of  the  milk.  The  symptoms  noticed  in  the  cow 
were  chiefly  local,  but  there  were  bald  patches  of  skin,  espe- 
cially about  the  tail  and  back,  the  epidermis  in  these  patches 
being  scaly  and  the  cutis  thickened.  There  was  no  pyrexia. 
The  vesicles,  which  were  small,  were  confined  to  the  teats 
and  udder.  They  extended,  and  in  two  days  formed  flat 
irregular  ulcers  covered  with  brown  scabs.  Inoculated  upon 
calves,  the  matter  from  these  ulcers  caused  local  tenderness  and 
swelling  in  three  days,  a  scabbed  ulcer  with  vesicular  margin 
in  six  days,  and  a  further  extension  during  the  next  few  days, 
followed  by  healing.  By  cultivation  a  streptococcus  was 
obtained,  supposed  to  be  identical  with  a  similar  organism 
found  by  Klein  in  connection  with  scarlet  fever,  and  having 
the  property  of  solidifying  milk  if  kept  for  two  days  at  35°  C. 
It  was  not  found  in  the  milk  from  unaffected  teats.  Inocula- 
tion of  calves  with  pure  cultivations  of  the  streptococcus  pro- 
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duced  a  constitutional  disease  that  had  some  points  of  analogy 
■with  scarlet  fever,  the  condition  of  ,  the  kidneys  especially 
differing  but  little  from  acute  scarlatinal  nephritis. 

Sore-throat  illnesses. — Somewhat  allied  to  scarlet 
fever,  and  possibly  in  some,  instances  an  aberrant 
form  of  that  disease,  is  sore-throat  infection  con- 
veyed by  milk.  There  are  fully  a  score  of  \yell- 
marked  epidemics  of  this  nature  on  record.  One  of 
the  first  to  be  investigated  occurred  in  South  Ken- 
sington in  1875.  About  150  persons  were  affected 
after  consuming  cream.  A  similar  outbreak  occurred 
in  Edinburgh  in  1888.  More  recent  outbreaks  of 
milk-borne  sore-throat  occurred  at  Bedford  in  1902, 
Woking  1903,  Finchley  1904,  and  Colchester  1905. 
Cream  was  again  the  particular  medium  at  Bedford, 
where  the  incidence  was  chiefly  upon  young  adults.  At 
Woking  98  families  were  affected,  and  the  milk  was 
traced  to  cows  sufiering  from  suppurative  mammitis. 
The  Finchley  outbreak  involved  500  cases.  The  in- 
cubation period,  as  in  many  of  these  sore-throat  con- 
ditions, was  short — 24  to  48  hours.  There  was 
enlargement  of  the  submaxillary  glands,  sore-throat, 
fevej',  general  malaise,  and  in  a  few  cases  a  measles- 
like ei'uption  on  the  lower  limbs.  On  some  occasions 
gastro-intestinal  irritation  has  also  been  present.  It 
is  possible  that  these  sore-throat  illnesses  are  of 
streptococcal  origin. 

In  many  milk-borne  outbreaks  of  scarlet  fever 
there  occur  a  number  of  sore-throat  cases  simulating, 
but  possibly  not  identical  with,  scarlet  fever,  in  addi- 
tion to  those  which  are  milder  forms  of  scarlet  fever 
itself. 

Epidemic  diarrhoea  is  another  infective  disease 
which  appears  to  be  conveyed  by  milk.  Certain  attacks 
of  the  disease  give  support  to  this  view,  and  there  is 
also  the  autumnal  rise  of  infantile  diarrhoea,  which  is 
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attributed  by  many  observers,  in  part,  to  contaminated 
milk.  It  is  held  that  the  high  atmospheric  tempera- 
ture of  the  third  quarter  of  the  year  exerts  a 
prejudicial  effect  on  milk,  causing  it  to  be  injurious, 
particularly  to  infants  and  children.  It  is  certain 
that  breast-fed  infants  suffer  much  less  than  artificially 
fed  infants  from  such  disease.  Actual  epidemics  of 
milk-borne  diarrhoea  have  been,  it  appears,  compara- 
tively few.  In  1894  such  an  outbreak  occurred  in 
Manchester,  affecting  160  persons,  and  due  probably 
to  milk  polluted  with  excreta  ;  and  in  1895  and  1898 
three  outbreaks  occurred  at  St.  Bartholomew's  Hos- 
pital, traced  to  the  consumption  of  milk  or  milk- 
pudding  from  which  Klein  isolated  the  B.  enteritidis 
sporogenes,  which  he  regards  as  the  vera  causa  of 
epidemic  diarrhoea. 

Characte7'istics  of  milk-home  epidemics. — There  are 
certain  general  characteristics  of  outbreaks  of  disease 
transmitted  by  milk  which  it  may  be  well  briefly  to 
state  here. 

1.  The  outbreak  is  usually  sudden  in  onset;  and 
the  cessation  often  almost  equally  so,  if  allowance  is 
made  for  secondary  cases  in  infected  households,  which 
have  probably  been  infected  from  the  earlier  cases  and 
not  by  the  milk. 

2.  A  large  proportion  of  the  attacks  are  simul- 
taneous or  nearly  so.  The  outbreak  reaches  its 
maximum  too  rapidly  to  admit  of  satisfactory  explana- 
tion by  the  hypothesis  of  infection  from  the  first  cases  ; 
thus,  in  an  outbreak  of  scarlet  fever  at  Wimbledon 
in  1886-7,  the  daily  number  of  attacks  was  as 
follows  : — 

Date  .  Dec.  25  26  27  28  29  30  31  Jan.  1  2  3 
Attacks.       1        11    39    53    75    118    65      86  .    25  15 

3.  It  will  often  happen  that  two  or  more  persons 
in  the  same  hou.sehokl  are  taken  ill  at  the  same 
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time.  Such  multiple  cases  may  also  occur  apart  from 
milk  or  water  infection,  but  it  is  very  exceptional, 
especially  as-  regards  the  first  invasion  of  the 
household. 

4.  The  average  number  of  cases  per  infected  house- 
hold is  usually  greater  than  occurs  under  ordinary 
conditions,  but  this  is  of  course  dependent  upon  the 
number  of  persons  who  consume  the  milk.  An 
average  of  two  attacks  per  household  may  be  con- 
sidered high. 

5.  A  large  proportion  of  the  households  attacked 
have  a  common  milk  supply,  which,  however,  may 
not  be  distributed  by  the  same  retailer. 

6.  Conversely,  if  {a)  the  number  of  households 
supplied  by  the  suspected  dairy  be  ascertained,  and 
also  ih)  the  number  of  such  households  attacked,  it 
will  be  found  that  the  proportion  of  {h)  to  (a)  is 
much  greater  than  the  proportion  which  the  total 
number  of  infected  households  bears  to  the  total 
number  of  inhabited  houses  in  the  district.  Although 
in  some  cases  50  per  cent,  or  more  of  the  houses 
supplied  with  the  implicated  milk  are  attacked,  in 
other  instances  the  proportion  is  far  lower. 

7.  If  the  households  supplied  by  the  dairy  in 
question  are  classified  according  to  the  quantity  of 
milk  bought  daily,  the  invasions  are  found  to  be 
proportionately  more  numerous  among  households 
taking  a  larger  supply. 

8.  A  similar  calculation,  substituting  individuals 
for  households,  will  give  similar  results.  Classifying 
the  consumers  according  to  the  average  consumption 
per  head  in  the  households  to  which  they  belong,  a 
heavier  incidence  upon  the  larger  consumers  will  be 
manifest.  Hence  the  wealthier  consumers,  upon  the 
average,  suffer  more  than  the  poorer  class  in  milk- 
borne  outbreaks,  and  a  classification  according  to  rental 
will  usually  confirm  this. 
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The  Wimbledon  outbreak,  already  referred  to, 
illustrates  these  relations  (Coojjer)  : — 


Incidence  on  Con- 
sumers, according- 
to  Supply  per  Head. 
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9.  Among  persons  who  drink  little  or  no  milk, 
or  only  take  it  in  tea  or  coffee,  or  always  have  it 
boiled,  attacks  will  be  rare,  except  after  exposure  to 
infection  from  earlier  cases. 

10.  As  a  corollary  to  this,  there  is  often  a  much 
heavier  incidence  among  children  and  women  than 
among  men.  This  would  be  especially  significant  in 
regard  to  enteric  fever,  which  under  ordinary  con- 
ditions chiefly  affects  adults.  On  the  other  hand, 
Littlejohn  has  pointed  out  that  in  milk-boi'ne  scarlet 
fever  an  exceptionally  high  proportion  of  adults  may 
suffer. 

1 1.  The  type  of  disease  in  milk -borne  epidemics  has 
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been  noticed  to  be,  as  a  rule,  mild,  and  attended  with 
low  mortality. 

12,  The  incubation  period  is  shortened,  and  there 
is  some  reason  to  suppose  that  the  degree  of  infec- 
tiousness by  contact  is  lower  than  when  such  diseases 
are  not  milk-borne. 

Ice-cream  or  iced- custards  which  have  as  their  basis  milk  or 
cream  mixed  with  other  ingredients,  may  be  briefly  considered 
here  in  their  relation  to  infection.  A  number  of  outbreaks  of 
typhoid  or  diarrhoeal  disease  have  been  attributed  to  the 
consumption  of  ice-cream.  Such  outbreaks  occurred  at 
Deptford  in  1891,  Liverpool  1897,  City  of  London  and 
Finsbury  1902,  and  Paisley  1904.  The  ice-cream  may 
become  infected  owing  to  storage  in  infected  premises, 
between  the  process  of  "boiling"  and  that  of  "freezing,"  or 
owing  to  the  fact  that  the  substance  has  been  made  by  a  person 
suffering  from  recognised  or  uni-ecognised  disease.  It  is  on  this 
account  that,  since  1895,  local  regulations  have  been  in  force 
with  the  view  of  controlling  the  manufacture  of  ice-cream. 
Some  of  the  most  recent  of  such  regulations  are  contained  in 
the  London  County  Council  (General  Powers)  Act,  1902,  under 
which  ice-cream  must  be  made  and  stored  in  sanitary  premises, 
not  living  rooms,  precautions  must  be  taken  as  to  protection 
from  contamination,  and  the  name  and  address  of  the  maker 
must  appear  on  the  street-barrows.  Similar  powers  are  con- 
feiTed  by  local  Acts  in  Liverpool,  Glasgow,  etc. 

Control  of  milk  supplies.— The  requirement 
is  a  pure  milk  supply,  or  in  other  words  a 
clean,  whole  milk,  unsophisticated  and  unadulterated, 
{a)  derived  from  healthy  cows,  guaranteed  free  from 
tuberculosis  by  the  tuberculin  test,  and  living  under 
clean  and  sanitary  conditions  ;  (6)  obtained  by  clean 
methods  of  milking,  strained,  and  protected  from 
contamination  and  from  infection ;  (c)  kept  cool  by 
means  of  refrigeration ;  and  {d)  not  exposed  to  dust 
or  uncleanliness  in  any  way  from  the  vessel  in  which 
it  is  placed,  or  from  the  persons  by  whom  it  is 
handled. 

Low  temperatures  do  not  readily  destroy  germ  life, 
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but  they  have  a  most  beneficial  effect  upon  the  keep- 
ing quality  of  milk.  If  the  temperature  be  lowered 
sufficiently,  the  contained  bacteria  become  inactive 
and  torpid,  and  eventually  are  unable  to  multiply  or 
produce  their  characteristic  fermentations.  At  about 
50°  r.  (10°  C.)  the  activity  ceases,  and  at  a  tempera- 
ture of  about  40°  F.  organisms  are  practically  deprived 
of  their  injurious  powers.  If  the  milk  is  to  be  con- 
veyed long  distances,  then  even  a  lower  temperature 
is  desirable.  The  most  impoi'tant  point  with  regard 
to  the  cooling  of  milk  is  that  it  should  take  place 
immediately.  Various  kinds  of  apparatus  are  effective 
in  accomplishing  this.  Perhaps  those  best  known  are 
Lawrence's  cooler  and  Pfeiffer's  coolei-,  the  advantage 
of  the  latter  being  that  during  the  process  the  milk  is 
not  exposed  to  the  air.  It  must  not  be  forgotten  that 
cooling  processes  are  not  sterilising  processes,  and  do 
not  necessarily  kill  bacteria ;  they  only  inhibit 
activity,  and  under  favourable  circumstances  torpid 
pathogenic  bacteria  may  again  acquire  their  injurious 
faculties.  Hence,during  the  cooling  of  milk  evengreater 
care  must  be  taken  to  prevent  aerial  contamination 
than  is  necessary  during  the  process  of  sterilising 
milk.  No  cooling  whatever  should  be  attempted  in 
the  cowshed.  Climate  makes  little  or  no  difference 
to  the  practical  desirability  of  cooling  milk,  yet  it  is 
obvious  that  less  cooling  will  be  required  in  the  cold 
season.  The  further  treatment  of  milk  has  in  practice 
comprised  the  addition  of  preservatives,  filtration,  and 
sterilisation,  but  with  first-i-ate  clean  milk,  consumed 
or  bottled  immediately  after  yield,  these  are  not 
necessary. 

Preservation  of  milk  may  be  effected  by 
boiling,  by  exclusion  of  air,  or  by  the  addition  of  sugar, 
borax  (1-2,000),  formalin  (1-50,000),  or  other  anti- 
septic. Such  preservatives  are  frequently  added  to 
milk,    especially   in   towns.     They   prevent  rapid 
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multiplication  of  germs,  and  so  delay  or  prevent 
fermentation.  On  the  other  hand,  they  disguise 
the  true  condition  of  the  milk,  and  by  cumulative 
process  may  cause  poisoning  in  the  consumers,  and 
therefore  should  be  condemned.  The  LcO.B.  (1906) 
advise  taking  action  if  boron  preservatives  are  present 
in  amount  exceeding  40  grains  per  gallon.  Condensed 
milk  is  prepared  by  evaporating  down  in  vacuo  at  a  low- 
temperature  to  about  one-third  or  one-quarter  of  the 
original  volume,  and  most  manufacturers  then  add 
cane  sugar  as  a  preservative.  The  added  sugar  renders  it 
too  carbonaceous  and  "  fattening,"  though  lacking  in 
fat,  but  apart  from  this  the  nutritive  value  of  con- 
densed milk  seems  to  be  inferior  to  that  of  fresh 
milk,  especially  in  regard  to  bone- formation  and 
stamina.  Condensed  milk  is,  as  a  rule,  fairly  free 
from  suspicion  of  ordinary  adulteration  or  pollution, 
but  it  is  by  no  means  always  sterile. 

Filtration  of  milk  is  practised  in  Denmark,  but  is 
little  adopted  in  this  country. 

Sterilisation  means  the  use  of  heat  at  or  above 
boiling-point,  or  boiling  under  pressure.  This  may 
be  applied  in  one  spell  of  one  to  two  hours  at 
212-250°  F.,  or  at  stated  intervals  at  a  lower  tem- 
perature. The  milk  is  sterilised — that  is  to  say, 
contains  no  living  germs — is  altered  in  chemical 
composition,  and  possesses  a  flavour  which  to  many 
people  is  unpalatable. 

Such  a  radical  alteration  is  not  necessary  in  order 
to  secure  non-infective  milk.  The  bacteria  causinj; 
the  diseases  conveyable  by  milk  succumb  at  much 
lower  temperatures  than  the  boiling-point.  Advantage 
is  taken  of  this  in  the  process  known  as  pasteurisation, 
in  which  milk  is  heated  to  167-185°  F.  (75-85°  C). 
Such  a  temperature  kills  harmful  microbes,  because 
75°  C.  is  above  their  average  thermal  death-point  and 
yet  the  physical  changes  in  the  milk  are  practically 
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nil,  because  85°  C.  does  not  relatively  approach  the 
boiling-point.  There  is  no  fixed  standard  for  pas- 
teurisation, except  that  it  must  be  above  the  thermal 
death-point,  and  below  the  boiling-point.  As  a  matter 
of  fact,  158°  F.  (70°  C.)  will  kill  lactic  acid  bacteria 
and  most  disease-producing  organisms  found  in  milk. 
If  milk  is  kept  at  that  temperature  for  ten  or  fifteen 
minutes  it  has  been  "pasteurised."  If  it  has  been 
boiled,  with  or  without  pressure,  for  half  an  hour,  it 
has  been  "  sterilised."  The  only  practical  difference 
in  the  result  is  that  sterilised  milks  have  a  better 
keeping  quality  than  pasteurised,  for  the  simple 
reason  that  in  the  latter  some  living  germs  have  been 
unaffected. 

Sterilisation  miay,  of  course,  be  carried  out  in  a 
variety  of  modifications  of  the  two  chief  ways  above 
named.  When  the  process  is  to  be  completed  in  one 
event  an  autoclave  is  used,  in  order  to  obtain  increased 
pressure  and  a  higher  temperature.  Milk  so  treated 
is  physically  changed  in  greater  degree  than  in  the 
slower  process.  The  slow  or  intermittent  method  is, 
of  course,  based  on  Tyndall's  discovery,  that  actively 
growing  bacteria  are  more  easily  killed  than  theii' 
spores.  The  first  sterilisation  kills  the  bacteria,  but 
leaves  their  spores.  By  the  time  of  the  second  applica- 
tion the  spores  have  developed  into  bacteria,  which  in 
turn  are  killed  before  they  can  sporulate. 

The  application  of  pasteurisation  to  milk  is  now 
very  widely  adopted  by  corporations,  dairy  companies, 
hospitals,  milk-dispensaries,  etc. 

Butter. — When  cream  is  violently  agitated,  the 
fat  globules  ai*e  ruptured  and  their  contents  clot 
together  as  butter.  The  water  is  expelled  by 
pressure,  and  salt  is  added.  The  flavour  of  butter  is 
due  to  the  butyrin,  caproin,  and  caprylin,  which 
together  constitute  about  7  "8  per  cent,  of  the  fat,  the 
rest  being  composed  of  olein,  stearin,  and  palmitin. 
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!  Besides  fat,  which  constitutes  about  85  per  cent., 
j  butter  contains  water,  casein,  and  salts.  The  casein 
I  averages  2-5  per  cent.,  but  may  reach  7  per  cent,  if 
the  butter  is  carelessly  made  ;  such  a  butter  keeps 
badly.  The  water  ranges  from  8  to  12  per  cent, 
in  good  butter,  and  should  never  exceed  16  per  cent. 
"  Milk-blended  "  butters  have  been  found  to  contain 
nearly  double  this  amount  of  water.  The  ash  should 
not  exceed  8  per  cent.  ;  in  pure  fresh  butter  it  is 
usually  about  2  or  3  per  cent,  or  less,  and  includes 
calcium  phosphate  and  sodium  chloride. 

Adulterations  and  Analysis.  —  The  addition  of 
annatto  or  other  harmless  colouring  matter  is  not 
regarded  as  adulteration.  Starch  is  sometimes  added, 
and  may  be  recognised  by  its  blue  reaction  with 
iodine.  The  chief  and  only  important  adulterations 
practised  are  the  substitution  of  foreign  fat  and 
the  addition  of  water  or  preservatives,  and,  therefore, 
the  analysis  of  butter  turns  chiefly  upon  the  pro- 
portion and  composition  of  the  fat  and  the  proportion 
of  water. 

1.  The  fat  should  exceed  80  per  cent,  of  the  whole. 
(If  the  butter  is  melted  in  a  tall  glass,  the  water  and 
curd  will  collect  at  the  bottom,  leaving  the  pure  fat 
above. ) 

2.  The  specific  gravity  of  pure  butter  fat  should 
range  from  911  to  913.  Margarine  examined  under 
similar  conditions  would  range  from  901  to  906. 

3.  The  melting-point  of  the  fat  should  be  about 
35-8°  C,  but  it  is  liable  to  variation,  not  only  with 
variation  in  the  relative  proportions  of  normal  con- 
stituent fats,  but  also  with  repeated  meltings. 
Adultei'ation  with  dripping,  lard,  or  other  animal  fat 
raises  the  melting-point,  while  vegetable  fats  lower  it. 

4.  The  soluble  fatty  acids  (butyric,  caproic, 
caprylic)  should  not  be  less  than  5  per  cent,  of  the 
fat,  and  the  insoluble  fatty  acids  should  not  exceed 
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8 9 "5  per  cent.  Butter  fat  differs  from  all  others  in 
containing  fatty  acids  that  are  soluble  in  water,  and 
their  partial  or  complete  absence  denotes  substitution 
of  foreign  fat. 

0.  Pure  butter  fat  is  readily  soluble  in  ether, 
whereas  other  fats  dissolve  slowly  and  leave  a  residue. 

6.  Fat  crystals  may  be  visible  under  the  micro- 
scope, and  serve  to  show  that  the  butter  has  been 
melted,  presumably  for  the  purpose  of  adulteration. 

7.  Water  is  estimated  by  heating  a  weighed 
quantity  of  butter  over  a  water-bath  until  it  ceases  to 
lose  weight. 

The  Regulations  for  the  sale  of  butter,  made  in 
1902  by  the  Board  of  Agriculture  under  section  4 
of  the  iSale  of  Food  and  Drugs  Act,  1899,  provide 
that,  "  Where  the  proportion  of  water  in  a  sample  of 
butter  exceeds  16  per  cent,  it  shall  be  presumed  for 
the  purposes  of  the  Sale  of  Food  and  Drugs  Acts, 
1875  to  1899,  until  the  contrary  is  proved,  that  the 
butter  is  not  genuine  by  reason  of  the  excessive 
amount  of  water  therein." 

Nothing  has  been  made  out  very  clearly  as  to  the 
convection  of  specific  disease  by  means  of  butter.  An 
outbreak  of  diarrhoea  in  a  large  hospital  was  shown  by 
Shirley  Murphy  to  be  in  all  probability  due  to  the 
consumption  of  a  particular  kind  of  butter.  The 
symptoms  resembled  those  of  tyro-toxicon  jDoisoning, 
to  be  mentioned  presently. 

Margarine  has  been  the  subject  of  special 
legislation  (the  Margarine  Act,  1887,  and  the  Sale  of 
Food  and  Drugs  Act,  1899),  which  will  be  referred  to 
in  another  section.  The  term  is  applied  generically  to 
fats,  for  the  most  part  of  animal  origin,  prepared 
by  churning  melted  and  clarified  beef  or  mutton  fat 
with  skim  milk,  and  so  treating  it  as  to  resemble 
butter  in  appearance  and  flavour  as  far  as  possible. 
For  this  purpose  a  certain  proportion  of  genuine 
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butter  is  frequently  mixed  with  it.  It  may  possess 
nutritive  value  little  inferior  to  butter,  especially 
if  manufactured  from  pure  animal  fats.  Chemically 
it  differs  from  butter  in  containing  only  traces  of 
"  soluble  "  fatty  acids.  It  consists  mainly  of  olein, 
stearin,  and  palmitin.  The  absence  of  butyrin,  a 
chief  constituent  of  butter  fat,  is  the  most  valuable 
means  of  distinguishing  between  butter  and  margarine. 

Cheese  is  formed  by  the  action  of  rennet  upon 
milk,  and  consists  of  coagulated  casein  with  a  variable 
proportion  of  fat  and  salts.  The  best,  such  as 
Cheddar,  Cheshire,  double  Gloucester,  and  most 
American  cheeses,  are  made  from  entire  milk,  the 
poorer  from  skim  milk,  or  a  mixture  of  skim  and 
entire  milk.  Stilton  cheese  is  made  from  entire 
milk  to  which  cream  has  been  added.  Cheeses 
vary  widely  as  to  the  amount  of  fat  and  water 
which  they  contain.  A  good  cheese,  if  kept  under 
suitable  conditions  of  temperature,  undergoes  a 
change,  known  as  "ripening,"  which  improves  its 
flavour.  Oxygen  is  absorbed,  ammonia  and  car- 
bonic acid  are  given  off.  The  casein  undergoes  fatty 
metamorphosis,  and  the  calcium  phosphate  reacts  upon 
the  fats  and  the  casein,  giving  rise  to  lime  salts  of  fatty 
acids,  and  a  soluble  compound  of  casein  with  phos- 
phoric acid.  Lactic  acid,  valerianic  acid,  and  leucin 
are  also  formed.  Both  in  cheese  and  butter-making 
this  ripening  process  is  due  to  bacteria  and  their 
products,  and  it  is  on  account  of  this  fact  that  much 
has  been  done  in  Denmark  and  America  in  the  way 
of  flavouring  butter  and  cheese  by  introducing  favour- 
able organisms  as  "  starters  "  of  the  desired  fermenta- 
tion. Both  natural  and  artificial  ripening  occasionally 
go  wrong,  and  as  a  result  we  get  abnormalities,  such 
as  rancid  butter,  "gassy"  cheese,  coloured  cheese,  or 
bitter  cheese.  Occasionally  also  poisonous  bodies, 
such  as  tyro-toxicon,  result. 
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tyro-toxicon  (diazo-benzene  butyrate)  is  a  poison 
discovered  by  Vaughan  in  cheese  that  has  undergone 
a  peculiar  fermentation.  Such  cheese  is  not  neces- 
sarily altered  in  appearance  or  taste,  but  has  a  much 
stronger  acid  reaction  than  usual.  Tyro-toxicon  can 
be  detected  chemically  by  neutralising  with  sodium 
carbonate,  exhausting  with  ether,  evaporating  the 
ethereal  solution,  and  dissolving  the  residue  in  water. 
The  aqueous  solution  strikes  an  orange,  red,  or  purple 
colour  when  treated  with  a  mixture  of  equal  parts  of 
carbolic  and  sulphuric  acids.  It  is  unstable,  and  pre- 
sent generally  in  only  very  small  quantities,  which 
are  difficult  of  detection.  It  is  intensely  poisonous, 
causing  dryness  of  the  mouth  and  fauces,  a  sense  of 
constriction  in  the  throat,  nausea,  vomiting,  dian'hcea, 
and  great  nervous  prostration.  The  symptoms  usually 
pass  ofi"  in  a  few  hours,  but  may  end  in  death  from 
collapse.  Butter  and  cream,  as  well  as  cheese,  have 
given  rise  to  tyro-toxicon  poisoning.  In  1883-84 
there  occurred  in  Michigan,  U.S.A.,  an  outbreak  of 
cheese  poisoning,  which  affected  300  persons,  due  to 
tyro-toxicon  (Vaughan),  and  in  1901  seventeen  cases 
of  tyro-toxicon  poisoning  occurred  in  Finsbury.  In 
both  outbreaks  the  incubation  period  was  short  (only  a 
few  hours),  and  the  symptoms  were  as  stated  above. 

Adulterations  of  cheese  are  unimportant.  Starch  is 
said  to  be  added  sometimes.  The  use  of  skimmed  milk 
or  colouring  matter  is  not  regarded  as  adulteration. 
Cotton-seed  oil  or  other  foreign  fat  is  sometimes 
added  in  place  of  the  abstracted  cream  (margarine 
cheese). 

Analysis. — The  proportion  of  fat  to  casein  should 
not  be  less  than  1  to  2  at  the  very  lowest  ;  sometimes 
the  fat  exceeds  the  casein.  The  fat  may  be  extracted 
with  ether,  or  mechanically  by  the  Leffmann-Beam 
process  of  melting  and  centrifuging.  The  fat  should 
be  examined  by  the  Reichert  method.    Water  ranges 
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from  20  to  35  per  cent,,  fat  from  35  per  cent,  down  to 
22  per  cent,  in  good  cheese,  and  to  1  per  cent,  in 
skimmed  milk  cheese.  Casein  varies  between  25  and 
50  per  cent.,  and  salts  between  3  and  6  per  cent. 

Liai'd,  which  is  the  internal  fat  of  the  abdomen 
of  the  pig,  should  be  absolutely  free  from  water  and 
from  foreign  fat.  The  addition  of  water,  which  is 
not  now  widely  practised,  is  detected  by  melting  the 
lard  in  a  tall  glass  and  allowing  time  for  the  water  to 
collect  at  the  bottom.  Cotton-seed  oil  is  the  other 
important  adulterant.  It  is  detected  by  its  low 
meltiiig-point,  high  power  of  absorbing  iodine,  and 
reduction  of  nitrate  of  silver. 

Eggs. — The  average  weight  of  a  hen's  egg  is  about 
2  oz.,  of  which  10  percent,  is  shell,  60  per  cent, 
white,  and  30  per  cent.  yolk.  The  white  consists  of 
albumen,  with  86  per  cent,  water,  and  the  yolk  of 
albumen  and  fat  with  52  per  cent,  water.  The 
percentage  composition  may  also  be  stated  thus  : — Shell 
10  per  cent.,  albumen  and  fat  23  per  cent.,  water  67 
per  cent. 

Preservation. — Air  may  be  excluded  by  coating  the 
shell  with  butter,  lard,  oil,  wax,  gum,  etc.,  or  by  boiling 
for  half  a  minute  so  as  to  coagulate  the  surface  albu- 
men. Antiseptics  are  also  employed,  e.g.  the  eggs 
are  immersed  in  lime  water,  salt  water,  or  solution  of 
boro-glycei'ide. 

J'ests  are  only  necessary  for  the  detection  of  stale 
or  rotten  eggs.  Two  ounces  of  salt  in  a  pint  of  water 
forms  a  solution  in  which  good  eggs  sink  and  stale  ones 
float.  Fresh  eggs  are  transparent  at  the  centre,  stale 
eggs  at  the  top. 

Vegetable  Foods. 

Wlieat-floiir  is  rich  in  albumen  and  carbo- 
hydrates, poor  in  fat  and  salts  of  organic  acids.  It 
contains   8   to    12  per  cent,    of   gluten,  and  can 
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therefore  be  made  into  bread.  The  salts  are  chiefly 
phosphates  of  potash  and  magnesia. 

Examination  of  Flour. — Flour  should  be  free  from  acidity 
or  mouldy  smell.  The  colour  should  be  white,  a  yellow  colour 
indicates  age,  fermentation,  or  conversion  of  starch  into 
dextrin  and  sugar. 

The  microscope  may  reveal  any  of  the  following  : — 

(1)  Foreign  starches,  especially  potato  and  rice,  the  characters 
of  which  will  be  described  presently.  (2)  Fungi,  rhe  most 
common  of  which  are  sporangia  of  Puccinia.  One  species  of 
Puccinia  produces  "caries"  or  "smut"  of  wheat;  smut  gives 
the  flour  a  disagreeable  smell,  and  the  bread  a  blue  colour.  It 
is  said  to  cause  diarrhoja.  (3)  Vibriones  and  other  organisms 
in  fermenting-  flour.  (4)  Acarus  farinm,  common  in  damp, 
inferior  flour  which  is  beginning  to  change.  Weevils  [Calandra 
granaria)  can  also  be  seen  with  the  naked  eye. 

Adulterations  and  impurities. — The  chief  are  the  addition  of 
foreign  starches,  mineral  matters,  and  other  cereals. 

Analysis. —  Water  should  not  exceed  16  per  cent.  The 
more  the  water  the  greater  the  liability  to  change.  Gluten 
should  not  be  less  than  8  per  cent.,  and  may  reach  12  per  cent. 
It  is  separated  by  making  the  flour  into  a  paste  and  working  it 
with  the  fingers  in  a  stream  of  water  until  all  the  starch  is 
washed  away.  Ash  should  not 'be  less  than  0'8  percent.,  or 
more  than  2  per  cent.  If  excessive,  it  should  be  tested  for 
iron  (indicating  addition  of  clay),  calcium  sulphate,  and 
magnesium  carbonate.  A  simple  test  is  to  shake  the  flour 
with  chloroform  ;  the  flour  floats,  but  mineral  matters  sink. 
Alum  is  sometimes  added  during  grinding. 

Ergotised  flour  is  detected  by  making  it  into  a  paste  with 
dilute  alkali,  adding  slight  excess  of  dilute  nitric  acid,  and 
then  neutralising ;  ergot  gives  a  reddish  violet  colour,  changing 
to  red  in  presence  of  nitric  acid,  and  to  violet  in  presence  of 
alkali.    Potash  gives  a  herring-like  smell  with  ergotised  flour. 

F'oreign  starches  will  be  recognised  under  the  microscope, 
but  a  few  other  tests  are  available.  Bean  meal  gives  ott'  a 
characteristic  smell  when  drenched  with  hot  water,  and  may 
also  be  detected  by  the  successive  addition  of  nitric  acid  and 
ammonia,  which  strikes  a  deep  red  colour.  Potato  starch 
grains  swell  up  on  the  addition  of  a  trace  of  potash  in  solution, 
which  scarcely  affects  wheat  starch  grains.  Pure  wheat  flour, 
made  into  a  dilute  solution  in  water,  is  turned  pink  on  addition 
of  iodine ;  but  if  any  potato  starch  is  present,  a  dark  purple 
colour  will  appear. 
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The  flour  should  also  be  put  to  the  practical  test  of  bread- 
making. 

Bread  is  made  by  mixing  flour  with  water,  and 
kneading  it,  so  as  to  form  dough  by  the  cohesion  of 
the  moistened  gluten.  The  dough  is  charged  with 
carbonic  acid,  which  occupies  innumerable  lacunse 
and  renders  the  mass  porous.  It  is  then  baked  and 
becomes  bread.  The  carbonic  acid  is  supplied  by  the  use 
of  yeast  ("leaven")  or  baking-powders  (dry  alkaline 
carbonates  mixed  with  tartaric  or  other  acid),  or  by 
kneading  the  dough  with  water  charged  with  carbonic 
acid  gas  under  pressure  ("  aerated"  bread).  100  lbs. 
of  flour  make  about  130  to  150  lbs.  of  bread. 

During  baking  a  certain  proportion  of  dextrin 
and  sugar  is  formed  from  starch,  and  there  are  traces  of 
lactic  and  butyric  acid.  Alum  checks  these  changes, 
which  are  especially  prone  to  occur  if  bad  flour  is 
used.  Mechanically  aerated  bread  is  the  whitest  and 
most  free  from  dextrin  and  sugar.  About  1  per  cent, 
of  boiled  potato  is  frequently  added  to  the  dough. 

Examination. — Bread  should  be  white.  A  yellow  or  dark 
tint  may  be  due  to  old  or  inferior  flour,  bad  yeast,  admixture 
of  rye,  or  merely  to  presence  of  bran.  Acidity  may  be  caused 
by  old  or  inferior  flour.  Bread  is  heavy  and  sodden  if  from 
any  cause  the  dough  has  not  risen  sufficiently  ;  such  causes  are 
bad  yeast,  bad  flour,  too  much  or  too  little  heat,  or  defects  in 
manipulation. 

Water  should  not  exceed  45  per  cent.  An  excess  lowers 
the  nutritive  value,  and  favours  the  growth  of  fungi.  The  ash 
ranges  from  1-3  to  2*0  per  cent,  Altan  is  detected  by  pouring 
upon  a  slice  of  bread,  moistened  by  water,  a  freshly  made 
decoction  of  logwood  chips,  and  then  a  solution  of  ammonium 
carbonate.  If  alum  is  present  it  acts  as  a  mordant,  and  after 
the  lapse  of  half-an-hour,  or  less,  a  strong  blue  colour  is  mani- 
fest, which  is  quite  distinctive  for  practical  purposes,  so  far 
as  bread  analysis  is  concerned,  although  magnesium  car- 
bonate would,  if  present,  give  the  same  reaction.  Pure  broad 
is  merely  stained  pink  by  the  reagents,  and  on  drying  this 
changes  to  a  dirty  brown.  The  blue  given  by  alumina  salts  is 
permanent  on  drying — much  more  so  than  in  the  magnesium 
carbonate  reaction. 
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For  legal  purposes  it  is  necessary  to  determine  the  alumina 
quantitatively,  and  then  a  deduction  must  be  made  for  the 
maximum  amount  of  phosphate  of  alumina  which  may  be 
present  in  pure  bread.  It  is  usual  to  deduct  16  grains  (of 
alum)  per  4-lb.  loaf,  anything  in  excess  of  this  being  regarded 
as  adulteration.  In  exceptional  cases  pure  flours  may  con- 
tain more  than  this,  and  many  analysts  now  allow  8  or  10 
grains  per  4  lbs.  Alum  used  for  purposes  of  adulteration 
usually  amounts  to  from  20  to  40  grains  per  4-lb.  loaf. 

Foreign  starches,  especially  rice  and  potato  starch,  may 
sometimes  be  detected  imder  the  microscope  even  after  halving, 
but  as  a  rule  they  are  beyond  recognition  in  bread.  Potato 
maizes  the  bread  damp  ;  the  percentage  of  water  is  high,  and 
the  ash  is  alkaline  instead  of  being  neutral.  Rice  has  in  itself 
a  low  ash  (0'85)  per  cent.  Excessive  moisture  and  low  ash 
should  raise  suspicion  of  foreign  flour.  High  ash,  on  the  other 
hand,  is  suggestive  of  mineral  adulteration. 

The  seeds  of  Lolium  temulentum  (darnel  grass)  may 
occasionally  be  ground  with  wheat  flour,  and  cause  vertigo, 
vomiting,  convulsions,  and  other  symptoms  of  poisoning. 
Various  fermentations  also  occur  in  bread,  producing  chromo- 
genic  changes,  bitter,  slimy,  or  mouldy  bread. 

Barley  is  in  the  main  similar  to  wheat  in  chemical 
composition,  but  contains  more  nitrogen,  iron,  and  phosphates. 
It  is  liable  to  cause  diarrhoea.  Actinomycosis  is  now  regarded 
as  due  to  eating  raw  barley  or  other  cereals,  upon  which  the 
aclinomyces  is  epiphytic.  Oats  contain  more  fat  and  more 
nitrogen  than  wheat,  and  are  more  readily  cooked,  but  gluten 
is  wanting,  and  hence  bread  cannot  be  made  of  oatmeal. 

Rye  contains  less  gluten  than  wheat,  and  makes  a  dark 
sour  bread,  which  is  apt  to  cause  diarrhoea  in  those  unaccus- 
tomed to  its  use.  Ergotism  results  from  the  use  of  rye  attacked 
hy  Claviceps  purjm7-ea.  ]?Iaize  (Indian  meal)  contains  much 
fat,  and  its  albumen  to  be  made  digestible  requires  careful 
cooking.  Pellagra  has  been  attributed  to  a  fungus  (vcrdet) 
attacking  maize.  Rice  is  poor  in  nitrogen,  fat,  and  salts, 
but  is  very  digestible. 

Lieg^umiliosae  contain  much  nitrogen,  chiefly  in  the 
foiTn  of  legumin.  Peas  and  beans  are  less  digestible  than 
cereals,  and  require  prolonged  gentle  boiling. 

Watercress  grown  or  washed  in  polluted  water  was 
found  to  be  responsible  for  an  outbreak  of  enteric  fever  in 
Hackney  in  1903,  which  shows  that  inspection  of  watercress 
beds  is  necessary.  Intestinal  parasites  may  also  be  derived 
from  the  same  source. 


i 
j 

'       Chap.  IV.]  Starch.  151 

Potatoes  are  antiscorbutic  and  very  digestible. 
Good  potatoes  sink  in  a  saline  solution  of  specific 
gravity  1,100;  bad  ones  float. 

Starch  is  not  a  simple  cbemical  substance,  but  a 
mixture  of  three  bodies — granulose,  erytliro-granulose, 
and  cellulose,  which  are  respectively  turned  blue,  red, 
and  yellow  by  iodine.  Granulose  is  the  most  important 
of  these.  Boiled  in  water,  or  with  oxalic  or  other 
organic  acid,  it  is  converted  into  "  soluble  starch  "  or 
amidulin,  a  soluble  dextro-rotatorv  substance  che- 
mically  indistinguishable  from  granulose,  and  giving 
the  blue  iodine  reaction.  If  instead  of  organic  acid  a 
2  per  cent,  solution  of  sulphuric  acid  is  boiled  with  the 
granulose  or  starch,  the  soluble  starch  first  formed  is 
converted  into  dextrin  or  erythro-dextrin,  a  sort  of 
gum,  which  is  dextro-rotatory,  and  is  reddened  by 
iodine ;  it  is  precipitated  by  alcohol  and  acetic  acid, 
but  not  by  tannic  acid.  Still  further  heating  with 
sulphuric  acid  produces  acliroddextrin,  which  gives  no 
colour  reaction  with  iodine,  and  glucose. 

Erythro-granulose  is  present  in  small  proportion  in 
wheat  starch,  and  almost  absent  in  potato.  Its  affinity 
for  iodine  is  greater  than  that  of  granulose,  but  the  red 
tint  is  completely  hidden  by  the  deep  blue  of  the  iodine- 
granulose.  If  a  minimal  proportion  of  iodine  is  em- 
])loyed,  the  red  colour  appears.  Both  the  red  and 
blue  disappear  on  heating,  owing  to  dissociation  of 
iodine  and  starch,  but  reappear  on  cooling. 

Starch  occurs  in  the  various  farinacea  in  micro- 
scopic granules,  which  in  many  cases  have  a  sufficiently 
characteristic  appearance  to  indicate  their  origin.  The 
granules  vary  greatly  in  size.  Some  are  roundish, 
others  oval,  pyriform,  truncated,  polyhedral ;  some 
have  distinctive  markings,  especially  faint  concentric 
rings  or  a  hilum. 

Microscopic  examination  of  starches. — A  little  of  the  starch, 
in  a  state  of  fine  powder,  should  be  mixed  with  a  drop  of  water, 
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preferably  containing  30  per  cent,  of  glycerine,  and  put  under 
the  microscope.  The  principal  varieties  may  be  arranged  in 
five  classes  {Muter)  : — 

1.  Large  oval  or  pyriform  grains  with  hilum  and  concentric 
rings. — This  group  includes  potato  starch,  and  several  varie- 
ties of  arrowroot.  Tohs  les  viois,  or  Canna  arrowroot,  has  the 
largest  grains  of  all ;  Maranta  (Jamaica  or  St.  Vincent)  arrow- 
root is  characterised  by  a  linear  hilum  at  the  larger  end. 

Potato  starch  grains  vary  greatly  in  size  and  shape ;  the 
hilum  is  minnte,  but  distinct,  and  is  placed  at  the  smaller  end.* 

2.  Irregular,  round,  or  oval  grains  tvith  stellate  hilum,  but  no 
rings. — Maize  starch  grains  are  round,  or  polygonal  with 
rounded  angles.  Beans  and  pea  starch  grains  are  oval  and 
very  much  alike,  but  the  former  are  far  more  uniform  in  the 
size  of  the  grains. 

3.  Hound  or  oval  grains  without  hilum  or  rings. — Wheat 
starch  grains  differ  greatly  in  size,  and  there  is  a  characteristic 
absence  of  medium  sizes  ;  they  are  round  and  flattened.  Polar- 
ised light  shows  a  cross. 

Barley  starch  is  much  more  uniform.  Rye  starch  granules, 
if  old  and  dry,  often  present  a  large  stellate  hilum. 

4.  Grains  truncated  at  one  end. — Sago  starch  has  a  round 
hilum  at  the  convex  end,  and  faint  rings  ;  the  starch  grains  of 
prepared  sago  have  a  large  depression.  Tapioca  starch  grains 
are  smaller  than  sago,  and  some  of  them  show  signs  of  altera- 
tion by  heat. 

5.  Angular  grains. — Oat  starch  is  often  massed  into  little 
balls  or  clusters  of  grains  fairly  constant  in  size.  Eice  starch 
is  smaller  than  oat,  and  pepper  starch  the  smallest  of  all. 
Under  A-ery  high  power  both  rice  and  pepper  show  a  hilum. 
Tahiti  or  Tacca  arrowroot  is  larger  than  oat  starch,  and  less 
uniform  in  size  ;  it  resembles  maize,'  but  has  sharp  angles. 

Alcoholic  beverages. — -Alcohol,  so  far  as  it 
is  oxidised,  is  in  a  sense  a  food,  but  by  dilating  the 
surface  blood  vessels,  it  may  cause  more  heat  to  be  lost 
than  it  is  itself  capable  of  producing,  and  in  large  doses 
the  general  paralysis  of  cellular  activity  produced  by 
alcohol  is  so  great,  that  heat  production  is  diminished, 
and  the  final  result  is  a  lowering  of  body  temperature. 

*  Potato  starch  may  al.so  be  distinguished  from  arrowroot  by  certain 
chemical  tests.  When  mixed  with  half  its  weight  of  hydrochloric  acid, 
the  former  gives  a  transparent  jelly,  the  latter  a  white  paste.  Potato 
starch  gives  an  offensive  odonr  wlien  heated  with  sulphuric  acid.  Potato 
starch  jelly  made  with  water  turns  thin  and  sour  in  twelve  houtij,  ir.aranta 
not  for  tlireo  or  four  days. 
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Still  less  is  it  a  useful  proclucei'  of  energy  on  account  of 
its  paralysing  effect  on  nerve  cells  and  the  muscular 
system.  Hence,  though  a  food  in  an  academical  sense, 
and  though  having  at  first  an  apparently  stimulating 
effect  on  the  body,  it  does  not  give  staying  power. 
It  may,  of  course,  be  associated  with  other  substances 
(as  in  malt  liquors)  which  have  a  definite  value  as 
food.  Broadly  speaking,  it  may  be  said  that  the 
effects  of  large  doses  of  alcohol  are  the  reverse  of 
those  produced  by  small  doses  (or  amounts  which  may 
be  taken  without  any  elimination  by  the  kidneys) ; 
that  is  to  say,  alcohol  in  large  doses  acts  as  a  depres- 
sant and  produces  chronic  irritation,  which  manifests 
itself  in  the  stomach  (inflammatory  conditions,  atrophy), 
in  the  liver  (cirrhosis),  in  the  brain  (degeneration), 
etc.  Such  conditions  are,  of  course,  modified  by 
individual  habits  and  idiosyncrasies,  age  and  sex, 
exercise,  diet,  occupation,  and  disease.  The  three 
chief  forms  of  alcoholic  beverages  are  (a)  malt  liquoi's,- 
such  as  beer,  ale,  porter,  and  stout ;  (b)  wines,  such 
as  the  sparkling  wines  of  the  Rhine  and  the  Moselle, 
champagne,  hock,  claret,  etc.  ;  (c)  spirits,  as  whisky, 
gin,  rum,  and  brandy. 

Spirits  contain  about  40  per  cent,  of  alcohol, 
rather  less  in  gin,  and  rather  more  in  rum.  Port  and 
sherry  contain  about  17  or  18  per  cent.,  and  ordinary 
light  wines  6  to  14  per  cent.  English  beer  contains 
from  about  3  to  7  per  cent,  of  alcohol,  German  beer 
2  to  5  per  cent.  Rectified  spirit  contains  90  per 
cent.  by  .  volume  of  absolute  alcohol ;  proof  spirit  is  a 
mixture  of  57-3  per  cent,  by  volume  of  absolute 
alcohol,  and  42-7  per  cent,  of  water.  The  ratio  of 
alcohol  to  proof  spirit  being  as  1  :  1-76,  the  amount 
of  alcohol  in  any  liquid  being  given  the  amount  of 
proof  spirit  can  readily  be  calculated. 

Malt  beers  are  made  by  inducing  yeast  fermenta- 
tion of  sugar,  derived  from  the  starch  of  barley. 
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During  germination,  the  insoluble  starch  is  converted 
into  dextrine,  maltose  and  glucose,  the  process  being 
completed  by  "  mashing  "  with  water  at  160°  F.  The 
wort  is  then  boiled,  hops  are  added,  and  after  cooling, 
the  liquid  is  discharged  with  yeast  into  the  fermenting 
tun.  Non-malt  beers  are  made  by  fermenting  glucose 
and  allied  substances  obtained  by  the  action  of 
sulphuric  acid  upon  starch.  Wines  are  produced  by 
fermentation  of  the  juice  of  the  grape,  complete  fer- 
mentation resulting  in  a  dry  wine,  incomplete  in  an 
effervescing  or  sparkling  wine.  Spiiits  are  prepared 
by  the  distillation  of  some  previously  fermented 
liquor ;  brandy  from  wine,  whisky  from  malted  barley, 
rum  from  molasses.  But  there  are  many  varieties  in 
distillery  methods,  and  much  "brandy  "  is  made  from 
potato  spirit. 

From  the  point  of  view  of  the  medical  officer  of 
health  alcoholic  beverages  assume  importance  in  three 
ways  :  (1)  disease  caused  by  excessive  consumption ; 
(2)  adulteration,  and  (3)  fraudulent  imitations  sold 
to  the  pi'ejudice  or  injury  of  the  purchaser. 

The  diseases  commonly  attributed  to  excessive 
consumption  of  alcohol  are  chiefly  alimentary  or 
nervous,  producing  cirrhosis  of  the  liver  and  various 
forms  of  gastric  disease,  or  alcoholic  neuritis,  delirium 
tremens,  etc.  There  is,  of  course,  in  addition,  a  large 
amount  of  disease,  directly  or  indirectly,  due  to  alco- 
holism, which  does  not  appear  in  death  certification. 

Arsenic  in  Beer. — Of  adulterants  inti-oduced  ac- 
cidentally or  otherwise  into  alcoholic  beverages,  arsenic 
in  beer  is  perhaps  the  best  example.  In  1900  there 
was  wide  prevalence  of  illness  in  South  Lancashire 
and  elsewhere,  which  was,  after  a  time,  identified  by 
Reynolds  as  a  form  of  arsenical  poisoning,  and  traced 
to  the  consumption  of  beer  from  certain  breweries  in 
which  highly  arsenical  brewing  sugars  had  been  used. 
These  were  found  to  be  derived  from  a  common 
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supply,  in  the  manufacture  of  which,  from  starch, 
arsenical  sulphuric  acid  had  been  used.  The  arsenic 
(AsoOg)  found  in  the  sulphuric  acid  was  1*9  per  cent., 
in  the  artificial  sugars  0*008  to  0-131  per  cent.  (0-56 
to  9-17  grs.  per  lb.),  in  beer  often  i  to  I  grain  per 
gallon,  and  in  one  sample  3  grains  per  gallon.  This 
danger  vanishes  if  care  is  taken  to  use  acid  free  from 
arsenic,  but  a  more  persistent  source  of  arsenic  in  beer 
was  found  in  the  malt  itself.  The  usual  process  of 
drying  the  malt  in  kilns  with  exposure  to  fumes  of 
gas- coke  or  anthracite  entails  risk  of  contamination  by 
arsenic,  in  such  proportions  as  g^oth  of  a  grain  per  lb. 
The  most  effective  remedy  here  would  seem  to  be 
drying  out  of  contact  with  the  fumes ;  but  much  can 
be  done  by  selection  of  non-arsenical  fuel,  by  careful 
construction  and  cleanliness  of  the  kiln,  so  as  to  avoid 
arsenical  deposits  on  ledges  falling  into  the  malt,  and 
lastly,  by  "  brushing "  the  malt,  whereby  the  fibrils 
(which  readily  become  charged  with  arsenic)  and 
surface  dust  are  removed.  At  Halifax,  in  1902,  the 
use  of  arsenical  malt  caused  a  local  outbreak  of 
poisoning  among  beer-drinkers. 

It  was  estimated  that  in  the  outbreak  of  1900  at 
least  3,000  persons  were  attacked  in  Manchester  and 
Salford  alone,  and  6,000  in  all.  Many  attacks  were 
fatal.  For  some  time  the  nature  of  the  epidemic  was 
obscured  by  the  unusual  character  of  some  of  the 
pi-ominent  symptoms,  more  especially  the  peripheral 
neuritis  and  pigmentary  changes.  In  the  main,  the 
attacks  and  their  severity  bore  relation  to  the  con- 
sumption of  beer,  but  some  of  those  attacked  had 
apparently  consumed  but  little,  while  some  heavy 
drinkers  escaped  lightly.  Similar  variations  in 
toleration  and  susceptibility  are  met  with  in  the 
therapeutic  use  of  arsenic.  A  high  degree  of  insus- 
ceptibility is  recorded  in  the  case  of  the  Styrian 
peasants,  who  take  large  doses  without  apparent  ill 
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effect,  and  it  may  be  assumed  in  the  case  of  soine 
arsenic  workers.  It  is  important  to  note,  as  an  aid  to 
diagnosis,  that  arsenic  can  be  found  not  only  in  the 
urine,  but  in  the  hair. 

The  Reports  of  the  Royal  Commission  on  Arsenical 
Poisoning,  dealing  primarily  with  the  outbreak  of 
1900,  call  attention  also  to  some  risk  of  presence  of 
arsenic  in  glycerine,  phosphates,  boric  acid,  colouring 
matters,  and  other  food  ingredients.  The  Commission 
recommended  a  penal  limit  of  grain  of  arsenic  per 
pound,  or  per  gallon,  in  any  food  substance. 

In  the  Marsh-Berzelius  test,  the  suspected  material  is  first 
treated  with  hydrochloric  acid  in  a  suitable  vessel.  It  is  then 
placed  in  the  Marsh- Berzelius  apparatus,  which  consists  of  a 
flask  for  the  generation  of  hydrogen  from  which  passes  a 
drying-  tube  and  a  glass  tube  drawn  out  in  the  middle  and  at 
the  end.  In  this  apparatus  hydrogen  is  obtained  from  pure 
zinc  and  pure  sulphuric  acid,  and  the  substance  under  examina- 
tion is  placed  in  the  flask.  Hydrogen  and  arseniuretted 
hydrogen  escape  through  the  drying  tube,  containing  calcium 
chloride,  and  thence  pass  into  the  fine  glass  tube,  which  is 
heated  over  a  Bunsen  burner.  The  arseniuretted  hj^drogen 
is  decomposed,  and  the  arsenic  is  deposited  on  the  wall  of  the 
narrow  part  of  the  tube,  and  so  forms  a  "  mirror."  Finally, 
this  mirror  is  compared  with  standard  mirrors  prepared  from 
known  quantities  of  arsenic  (e.g.  ^^g,  and  of  a 
grain  per  gallon).    The  Reinsch  test  is  less  reliable. 

The  question  of  adulteration  of  alcohoHc  beverages 
is  too  large  for  consideration  here,  but,  as  an  illustra- 
tion, mention  may  be  made  of  recent  work  in  connec- 
tion with  brandy.  In  1876,  owing  to  an  outbreak 
of  phylloxera,  a  parasite  affecting  and  destroying 
vines,  the  usual  output  of  genuine  brandy  from  the 
Cognac  district  was  curtailed,  and  artificial  prepara- 
tions were  substituted  for  the  genuine  article.  In 
Islington  Borough  Council  v.  Hilly er  (1904),  a  sample 
of  "  fine  old  pale  brandy  "  proved,  on  analysis,  to 
contain  at  least  60  per  cent,  of  a  spirit  not  derived 
from  the  juice  of  the  grape.    In  the  absence  of  any 
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official  or  legal  standard  brandy  may  be  defined  as  an 
alcoholic  liquor  the  spirit  of  which  is  obtained  by  dis- 
tillation, in  a  pot-still,  from  the  juice  of  the  grape,  and 
which  should  contain  not  less  than  80  parts  by  weight 
of  esters  (calculated  as  ethyl  acetate)  per  100,000  parts 
by  volume  of  absolute  alcohol.  In  the  above  sample 
there  were  approximately  40  parts  of  esters,  the  volume 
being  made  up  with  plain  spirit.  The  court  held  that 
this  was  not  genuine  brandy,  and  convicted. 

Whisky  consists  of  spirit  derived  from  malted  bar- 
ley, or  a  mixture  of  malted  or  unmalted  bai'ley  or  wheat, 
distilled  in  a  pot-still.  A  spirit  thus  produced  contains 
at  least  380  parts  of  secondary  bodies  (higher  alcohols, 
esters,  aldehydes,  etc.)  per  100,000  of  absolute  alcohol. 

Summary  as  to  relation  of  food  and 
health.  —  From  what  has  been  said  it  will  be  seen 
that  there  are  many  ways  in  which  health  may 
become  affected  by  articles  of  food. 

1.  Certain  essential  constituents  of  diet  may  be 
deficient  or  in  excess. 

2.  Poisonous  substances  may  be  derived  from  the 
vessels  in  which  the  food  has  been  kept.  Thus  tinned 
provisions  (fruit,  fish,  or  meat)  may  become  poisonous, 
and  cider  kept  in  lead-glazed  vessels  may  cause  lead- 
poisoning. 

3.  Injurious  substances  may  be  added  or  sub- 
stituted accidentally,  or  "by  way  of  adulteration,  or  by 
improper  processes  of  manufacture,  or  by  the  drug- 
ging of  animals  before  death. 

4.  Certain  kinds  of  food  are  liable  to  be  occa- 
sionally poisonous  even  in  the  fresh  state  (mussel- 
poisoning),  or  when  grown  under  unfavourable  con- 
ditions (oysters,  watercress,  etc.). 

5.  Putrefactive  changes  may  have  commenced. 

6.  Poisonous  substances  may  be  developed,  either 
as  a  result  of  parasitic  growth  (fermentation)  or 
from,  at  present,  unknown  causes  (tyro-toxicon). 
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7.  The  flesh  or  milk  of  an  animal  suflfering  from 
certain  specific  or  parasitic  diseases  may  impart  the 
disease  {e.g.  tuberculosis,  trichinosis,  hydatids).  Acti- 
nomycosis affords  an  instance  of  somewhat  parallel 
danger  from  vegetable,  as  well  as  from  animal,  food. 

8.  Food,  and  especially  milk,  may  become  infected 
by  virus  of  human  origin  (diphtheria,  enteric  fever, 
scarlet  fever). 

It  should  not  be  forgotten  that  disease  in  the 
individual,  or  more  rarely  idiosyncrasy  apart  from 
disease,  may  render  certain  kinds  of  food  injurious 
which  to  ordinary  persons  are  wholesome.  Lastly, 
there  are  certain  accessories  of  diet  which  may  be 
injurious  if  used  injudiciously  (alcohol,  tea). 

In  the  systematic  investigation  of  suspected  cases 
of  poisoning  by  food,  help  may  be  obtained  by  the 
use  of  a  tabular  form,  a  separate  line  being  devoted 
to  each  item  of  food  consumed  in  the  household,  with 
separate  columns  for  each  day  and  for  each  inmate, 
whether  ill  or  not. 


M.  36. 

■  ] 

F.  34. 

M.  12. 

F.  5. 

111. 

111. 

Not  ill. 

Not  ilU 

c 

•6 

c 

■6 

a 

0 

3 
H 

0 

3 

H 

0 

3' 

Eh 

0 

H 

a 

Beef  . 

X 

X 

X 

X 

X 

X 

X 

X 

Pork. 

X 

X 

Fish  . 

X 

X 

X 

Potatoes  . 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Cabbage  . 

X 

X 

X 

X 

X 

X 

X 

X 

Bread 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Butter  (fresh )  . 

X 

X 

X 

X 

X 

X 

„    (salt)  . 

X 

X 

X 

X 

X 

X 

Cheese 

X 

X 

X 

X 

X 

X 

Milk  (cooked)  . 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

(uncooked) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

etc.  etc. 

The  list  should  be  as  complete  and  detailed  as  it 
can  be  made  by  the  most  careful  inquiries.  When 
the  table  is  filled  up,  it  will  be  seen  at  once  what 
articles  of  diet  (if  any)  were  consumed  by  all  the  sick 
and  by  none  of  those  who  escaped  attack. 


159 


CHAPTER  V 

SOIL 

The  chemical  and  physical  constitution  of  the  soil  and 
the  configuration  of  its  surface  have  an  important 
bearing  upon  many  hygienic  questions,  particularly 
in  relation  to  Avater-supply,  burial-grounds,  sewage 
land  treatment,  sites  for  buildings,  and  the  prevalence 
of  certain  diseases. 

Temperature. — The  daily  variation  of  tempera- 
ture ceases  to  be  perceptible  at  about  three  or  four  feet 
from  the  surface.  The  annual  variation  is  unimportant 
below  six  or  eight  feet,  very  small  below  24  feet, 
and  vanishes  at  40  feet  {Galton)  or  50  to  100  feet 
(Farkes).  The  maximum  is  later  as  the  distance 
from  the  surface  increases,  and  at  Edinburgh  it  was 
found  that  in  trap-rock  at  a  depth  of  24  feet  the 
maximum  was  in  January  and  the  minimum  in  July. 
The  absorption  of  heat,  assuming  that  the  exposure 
is  equal,  is  determined  mainly  by  the  nature  of  the 
soil  and  the  presence  or  absence  of  vegetation.  The 
absorption  by  sand  being  taken  as  100,  that  of  clay 
is  about  70,  chalk  60,  and  humus  or  mould  50. 
Radiation  varies  in  like  manner,  but  is  generally 
greater  than  absorption.  Trees  and  shrubs  intercept 
the  sun's  rays,  and  on  the  other  hand  check  evapora- 
tion from  the  surface  of  the  soil,  the  net  result 
being  to  render  the  ground  cool  and  moist  in  winter, 
and  cool  and  dry  in  summer  when  the  leaves  are 
out.  The  evaporation  from  leaves  is  very  great,  and 
tends  to  moisten  and  cool  the  air,  and  abstract  water 
from  the  soil.  Pettenkofer  calculated  that  an  oak  tree 
with  750,000  leaves  had  in  the  summer  montlis  an 
evaporation  equal  to  eight  times  the  rainfall,  and  in 
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Algeria  the  Eucalyptus  globulus  has  Vjeen  found  to 
absorb  and  evaporate  twelve  times  the  rainfall* 
Herbage  lessens  absorption  of  heat  by  the  soil,  and  also 
true  radiation,  but  increases  evaporation  and  convec- 
tion owing  to  the  vast  surface  of  the  blades  of  grass. 
Grass,  therefore,  like  trees,  renders  the  soil  cooler  and 
drier,  and  more  equable  in  temperature. 

Earth,  temperatures  are  usually  determined  by  thermome- 
ters mounted  in  paraflSn  or  wax,  suspended  by  a  chain  at  the 
required  depth  in  the  soil  (1  to  4  feet  or  more),  and  withdrawn 
at  daily  or  other  intervals  for  reading.  An  iron  tube  driven 
vertically  into  the  ground,  protected  by  open  wooden  covers, 
affords  a  passage  for  the  thermometer.  Systematic  records  are 
usually  kept  of  the  daily  readings  of  two  earth-thermometers 
(at  1  foot  and  4  feet).  At  greater  depths  the  internal  heat  of 
the  earth  produces  an  appreciable  effect,  causing  a  lise  of  about 
1°  Fahr.  for  every  55  feet. 

Moisture. — At  a  certam  point  below  the  surface 
in  permeable  soil,  all  the  interstices  are  full  of  water, 
to  the  complete  exclusion  of  air.  This  subsoil  water 
or  ground-water  extends  downwards  to  the  next  im- 
permeable stratum.  In  marshy  ground  the  surface  of 
the  subsoil  water  may  coincide  with  that  of  the 
ground  itself,  and  under  ordinary  conditions  it  may 
be  from  two  or  three  feet  to  a  hundred  feet  or 
more  below  the  ground  level.  The  surface  of  the 
ground- water  is  not  necessarily  horizontal,  or  pai-allel 
with  that  of  the  ground.  It  flows  (usually  towards 
the  nearest  watercourse  or  the  sea)  with  a  velocity 
that  varies  with  the  permeability  of  the  soil,  the 
steepness  of  the  gradient,  and  the  absence  of  ob- 
struction by  roots  of  trees,  f  The  level  is  aflfected  by 
that  portion  of  the  rainfall  which  percolates  through 
the  soil ;  also  by  the  height  of  water  in  adjoining 
streams  or  seas,  and  other  conditions  modifying  the 

*  As  regards  the  air,  forests  render  both  the  daily  and  annual  tempera- 
tures more  equable,  and  increase  the  humidity  {Galton). 

t  In  Munich  Pettenkofer  estimated  the  velocity  of  the  ground-water  to 
be  15  feet  per  day. 
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facility  of  outflow — artificial  drainage,  etc.  Sometimes 
the  range  of  rise  and  fall  does  not  exceed  a  few- 
inches,  but  it  is  more  usually  several  feet. 

Above  the  level  of  the  groimd-water  the  soil, 
though  aerated,  is  still  kept  moist  by  capillary  attrac- 
tion, by  evaporation  from  below,  by  rainfall,  and  by 
.the  movements  of  the  ground- water.  The  soil  con- 
stantly loses  moisture  by  evaporation  from  the  surface, 
both  directly  and  through  vegetation. 

The  moisture  of  a  sample  of  soil  is  estimated  by  weighing 
it  before  (b)  and  after  (a)  drying  it  on  a  water-bath.  Then 

^  X  100  =  percentage  weight  of  water  in  sample.  The 

level  of  the  subsoil  water  is  necessarily  that  of  the  water  in 
surface  wells,  and  may  be  gauged  by  lowering  into  the  well 
a  cord  or  rod  bearing  little  cups  at  short  iutervals,  or  more 
simply  by  means  of  an  index  connected  by  a  cord  with  a  float. 

When  the  ground-water  rises,  it  forces  air  out 
of  the  soil,  and  at  the  same  time  may  pollute 
wells  by  bringing  into  them  the  washings  of  im- 
pure soil.  As  the  ground- water  falls  again  it  leaves 
the  soil  moist  and  aerated,  conditions  favourable  for 
fermentative  and  putrefactive  processes  in  organically 
polluted  soil. 

Damp  gi-ound  is  rendered  dry,  and  the  level  of  its 
ground- water  permanently  lowered,  by  subsoil  drainage, 
surface  drainage,  and  opening  the  outflow.  For 
subsoil  di-ainage  "  agricultural  "  pipes,  i.e.  unglazed 
porous  pipes,  are  laid  loosely  end  to  end  at  the  bottom 
of  deep  trenches,  and  covered  in.  The  interval  to  be 
allowed  between  the  parallel  drains  will  depend  upon 
the  openness  of  the  soil. 

Air  ground-air  ")  is  present  in  all  rocks  except 
the  very  hardest,  above  the  ground-water  level.  It 
fills  all  the  space  unoccupied  by  water  or  solid  particles. 
The  proportion  by  volume  varies  greatly  with  the 
porosity  and  other  conditions  of  the  soil ;  loose  sand 
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may  contain  50  per  cent.,  and  humus  sevei-al  times  its 
own  volume  of  air.  Ground-air  contains  moisture, 
oi'ganic  matter  of  animal  or  vegetable  origin,  and 
sometimes  NHg,  HoS,  and  CH^..  Carbonic  acid  is  in 
excess,  and  increases  with  the  depth  ;  it  also  varies 
greatly  according  to  the  nature  of  the  soil  and  the 
intensity  of  the  local  chemical  changes  that  are 
going  on  in  it.  Oxygen  is  in  relatively  small  pro- 
portion, and  decreases  with  the  depth.  At  13  feet 
Fodor  found  14  per  cent,  of  COg  and  7-5  per  cent, 
of  oxygen.  Many  causes  combine  to  keep  the 
ground-air  in  constant  movement,  among  them 
being  wind,  percolation  of  rain,  variations  in  temper- 
ature and  barometric  pressure,  and  rise  and  fall  of 
ground-water. 

The  percentage  volume  of  air  in  a  sample  of  rock  of  specific 
gi-avity  G  may  be  determined  by  finding  its  weight  when  dry 

It  —  A 

(a),  and  when  saturated  with  water  (b).    Then  ^      x  g 

X  100  =  percentage  of  air.  For  loose  soils  Pettenkofer  used 
two  graduated  burettes  connected  together  at  the  bottom  bj'  a 
clamped  tube.  One  burette  was  filled  with  water,  and  the  other 
with  dried  and  crushed  sample  soil.  Water  was  then  allowed 
to  pass  upwards  through  the  soil,  displacing  all  the  air  until  it 
just  reached  the  surface. 

No.  of  c.c.  of  water  used  ,        „  . 

— —  —  —  X  100  =  percentage  of  air. 

No.  of  c.c.  of  dry  soil 

All  rocks  are  more  or  less  permeable,  and  there- 
fore capable  of  containing  air  or  water  in  their 
interstices.  A  cubic  yard  of  granite  or  marble  holds 
about  a  pint  of  water,  sandstone  25  gallons,  and  sand 
50  gallons. 

Chemical  composition. — The  mineral  con- 
stituents of  soil  are  of  the  utmost  variety,  but  only  the 
organic  matters  will  be  considered  here.  The  soil 
undergoes  constant  pollution  by  dead  animal  and  vege- 
table matter  and  excreta,  which  ave  as  constantly 
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being  removed  by  putrefaction,  nitrification,  and  the 
influence  of  vegetation.  Apart  from  such  obvious 
examples  as  graveyards,  manured  fields,  sewage-farms, 
and  the  like,  unintentional  pollution  of  the  soil  goes 
on  upon  an  enormous  scale,  especially  around  dwellings. 
Nitrates  are  commonly  found  in  abundance  in  the  soil 
of  any  long-inhabited  place.  Carbonic  acid  and  other 
simple  compounds  are  formed  concurrently  ;  offensive 
gases  are  given  off  during  putrefaction,  but  are  de- 
odorised and  oxidised  by  passing  through  aerated  soil. 
Vegetable  matters  are  more  persistent.  They  may 
undergo  putrefaction  and  slow  oxidation,  but  it  is  not 
certain  that  nitrification  takes  place. 

Sometimes  the  natural  level  of  the  ground  is 
artificially  raised,  constituting  what  is  known  as 
"  made  soil."  This  may  be  ordinary  earth,  but  in  the 
neighbourhood  of  towns  it  is  a  common  practice  to  fill 
up  hollows,  and  to  elevate  low-lying  sites  by  trade 
refuse,  ashes,  household  refuse,  and  even  excremental 
refuse.  From  such  soil  the  impurities  fairly  rapidly 
disappear,  owing  to  oxidation  and  washing  by  rain. 
Sanderson,  Parkes,  and  Savage  found  that  in  about 
three  years  most  of  the  vegetable  matters  in  cinder 
refuse  had  disappeared ;  wood,  straw,  and  cloth  were 
rotten,  but  still  distinguishable.  Free  exposure,  to  air 
and  rain  and  free  outlet  for  drainage  will  accelerate 
the  process  of  pui'ification. 

Bacterial  content. — Soil,  particularly  within 
a  few  inches  of  the  surface,  contains  many  bacteria. 
These  have  been  divided  into  groups  according  to 
function.  The  decomposition  or  denitrification  organ- 
isms abound  particularly  in  soils  possessing  a  high 
degree  of  organic  matter,  and  their  role  is  to  break 
down  compounds  of  ammonia  and  nitrogen,  yielding- 
free  nitrogen,  CO2,  water,  ammonia,  and  sometimes 
nitrites.  These  latter  bodies  are  oxidised  by  the 
nitrifying  organisms  first  discovered  by  Schlosing 
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and  Muntz  in  1877.  Nitrification  is  performed  in 
two  stages ;  first,  an  oxidation  from  ammonia  bodies 
to  nitrites,  carried  out  by  the  nitrous  organism,  and 
secondly,  the  oxidation  of  the  nitrites  into  nitrates 
by  the  agency  of  the  nitric  organism.  For  the  per- 
formance of  their  function  these  organisms  require 
pabulum,  oxygen,  a  base  with  which  nitric  acid  when 
formed  can  combine,  and  a  favourable  temperature. 
Both  organisms  are  widely  distributed  in  superficial 
soils  (within  12  inches  of  the  surface),  and  act 
together  and  in  conjunction  for  the  common  pur- 
pose of  nitrification.  In  organic  solutions,  nitrous 
organisms  thrive  and  nitric  organisms  do  not,  the 
reverse  being  true  in  inorganic  solutions  containing 
nitrites,  in  which  nitrous  organisms  are  incapable  of 
the  oxidation  process.  The  presence  of  peaty  or 
humous  matter  appears  to  preserve  the  vitality  of 
nitric  organisms  during  the  fermentation  of  ammonia. 
A  third  group  of  allied  organisms  are  the  nitrogen- 
fixing  bacteria  found  in  soil  and  in  the  roots  of  legu- 
minoste ;  their  function  appears  to  be,  directly  or 
indirectly,  the  fixation  of  free  nitrogen  (symbiosis). 
This  may  be  performed  under  the  symbiotic  condition 
by  the  leaves,  by  distribution  in  the  soil  of  the  root 
nodules,  or  by  the  nodules  themselves.  It  is  thus,  in 
part,  that  clover,  vetches,  peas,  beans,  and  other  legu- 
minous crops  increase  the  amount  of  fixed  nitrogen 
in  the  soil,  particularly  where  it  is  especially  small 
in  quantity.  Associated  with  these  groups  of  bac- 
teria are  a  number  of  saprophytic  organisms,  the 
function  of  which  is  not  known.  Houston  ha.s 
described  certain  acid-forming  microbes  in  peat. 

It  would  be  difficult  to  over-estimate  the  value 
in  the  economy  of  nature  of  the  three  groups  of 
organisms  to  which  reference  has  been  made  :  they 
remove  organic  matter  and  waste  animal  products, 
they  can-y  on  the  oxidation  processes  which  are 
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applied  in  the  bacterial  treatment  of  sewage,  and 
they  fix  free  nitrogen.  Some  at  least  of  the 
pathogenic  organisms  are  also  known  to  live  and 
multiply  in  soil,  and  at  least  three  find  in  such  a 
medium  a  favourable  nidus.  The  bacillus  of  tetanus 
[B.  tetani)  is  common  in  the  soil  and  dust  of  certain 
districts,  either  in  a  bacillary  form  or  in  the  resting 
stage  of  spores.  The  presence  of  this  bacillus  in 
jute  factoi'ies  is  possibly  due  to  its  attachment  to  the 
roots  of  the  Corchorus  in  the  soil  of  Bengal.  The 
oi'ganisms  of  quarter-evil  (symptomatic  anthrax)  and 
malignant  oedema  are  two  other  examples  of  pathogenic 
bacteria  in  soil. 

Recent  research  has  shown  that  the  typhoid  bacil- 
lus bears  a  relation  to  soil.  In  1888  Grancher  and 
Deschamps  showed  that  it  was  able  to  survive  in  soil 
for  more  than  twenty  weeks.  In  1894  Dempster 
published  the  results  of  his  work  on  the  same  subject, 
in  which  he  obtained  the  bacillus  from  sand  after  23 
days,  from  garden  soil  after  42  days,  and  from  peat 
not  later  than  24  hours.  Four  years  later  came 
Robertson's  researches  into  the  growth  of  the  typhoid 
bacillus  in  the  soil  of"  an  ordinary  field,  from  which  he 
was  able  to  isolate  the  living  bacillus  twelve  months 
after.  Sidney  Martin  found  the  organism  still  alive 
after  404  days  in  dry  sterilised  garden  soil ;  in  wet 
soils  it  lived  but  a  short  time,  as  also  in  uncultivated 
soils  which  had  not  been  sterilised,  and  in  which 
ordinary  putrefactive  germs  abounded.  Under  such 
conditions  the  typhoid  bacillus  appeared  to  die  out 
rapidly.  Lastly,  we  have  the  results  of  the  investi- 
gations of  Firth  and  Horrocks  (1903),  who  conclude 
that  the  typhoid  bacillus  is  able  to  assume  a  vege- 
tative existence  in  ordinary  soils  and  in  sewage 
polluted  soils  for  as  long  as  74  days.  They  further 
maintain  that  the  controlling  factor  is  an  excess  or 
deficiency  of  moisture  in  the  soil  rather  than  organic 
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nutritive  material.  From  dry  fine  sand  the  Ijacillus 
was  recovered  after  25  days ;  from  moist  tine  sand 
after  1 2  days  ;  from  damp  (rain-water)  ordinary  soil 
after  67  days ;  from  damp  (sewage)  ordinary  soil 
after  53  days  ;  and  from  ordinary  soil  dried  to  tlie 
state  of  dust,  after  24  days.  In  peat  the  bacillus 
lives  apparently  only  a  few  days.  Firth  and  Horrocks, 
therefore,  arrive  at  a  difierent  conclusion  from  Martin, 
namely,  that  the  typhoid  bacillus  is  able  to  assume  a 
vegetative  or  saprophytic  existence  for  considerable 
periods  outside  the  body,  that  it  can  survive  in  ordinary 
earth  for  over  two  months,  whether  the  soil  be  virgin 
or  polluted  with  sewage,  or  frozen  hard,  and  that, 
therefore,  it  follows  that  outbreaks  of  enteric  fever 
may  be  due  to  the  dissemination  (for  example  by 
wind  or  flies)  of  infective  soil  dust.  Pfuhl  of  Berlin 
(1904)  has  arrived  at  results  confirmatory  of  these 
experiments.  From  moist  garden  earth  he  recovered 
the  typhoid  bacillus  88  days  after  inoculation,  from 
dry  sand  after  28  days,  and  from  moist  peat  21  days. 

Sewage  added  to  ordinary  garden  soil  leads  to  a 
temporary  increase  only  of  sewage  microbes  at  the 
expense  of  soil  microbes,  the  ordinary  soil  bacteria 
eventually  ousting  the  sewage  microbes  in  the  struggle 
for  existence.  Sandy  soil  so  treated  does  not  recover 
for  some  months.  The  chief  kinds  of  bacteria  result- 
ing from  such  soil  treatment  are  indol-producing 
bacteria,  gas-producing  bacteria,  spores  of  B.  enteritidi>^ 
sporogenes,  B.  coli  and  its  allies,  and  streptococci 
[Hoibston).  Farther,  it  shoiild  not  be  forgotten  that 
soil  has  the  power  of  destroying  some  pathogenic 
germs  as  well  as  sewage  organisms. 

Soil  and  disease. — Among  important  specific 
diseases,  anthrax,  tetanus,  malaria,  enteric  fever, 
cholera,  diarrhoea,  and  yellow  fever  are  closely  con- 
cerned with  telluric  conditions.  Dampness  of  soil  is 
favourable  to  phthisis  and  diphtheria,  and,  according 
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to  some  authorities,  to  rickets  also.  Goitre  is  often 
credited  with  a  more  indirect  relation  to  the  soil 
(page  76). 

Enteric  fever  and  cholera  exhibit  in  certain 
localities  a  somewhat  definite  inverse  relation  to  the 
fluctuations  of  the  level  of  the  ground- water.  In 
Munich,  Leipsic,  and  elsewhere,  it  has  been  found  that 
a  fall  in  the  subsoil  water,  and  especially  a  rapid  fall 
after  an  unusually  high  level,  is  followed  by  an  outbreak 
of  enteric  fever.  These  observations,  extending  over 
several  years,  led  Pettenkofer  to  the  conclusion  that 
the  conditions  requisite  for  an  entei'ic  outbreak  are 

(1)  a  rapid  fall  (after  a  rise)  in  the  ground- water, 

(2)  pollution  of  the  soil  with  animal  impurities,  (3)  a 
certain  earth  temperature,  and  (4)  the  presence  of  a 
specific  organism  in  the  soil.  These  conditions  imply 
a  warm,  moist,  and  well-aerated  soil,  containing  pabu- 
lum suitable  for  the  specific  microbe.  On  the  other 
hand,  the  association  of  falling  ground-water  with 
enteric  outbreaks  is  not  observed  in  other  localities. 
It  has  not  been  traced  in  England,  as  a  rule,  and, 
indeed,  outbreaks  have  occurred  with  rising  ground- 
water. Although  the  existence  of  some  direct  or  in- 
direct relation  between  the  two  phenomena  in  Munich 
cannot  be  doubted,  Pettenkofer's  hypothesis  is  not 
the  only  possible  explanation,  Buchanan  suggested 
that  the  connection  between  them  may  be  found  in 
pollution  of  wells,  but  Pettenkofer  obtained  no 
analytical  evidence  of  this. 

The  same  conditions,  according  to  Pettenkofer,  are 
necessary  for  the  appearance  of  cholera  in  an  epidemic 
form. 

Malaria,  including  under  that  term  the  various 
forms  of  intermittent  and  remittent  fevers,  is  also,  in 
part,  a  "  telluric "  disease.  The  specific  protozoa 
have  at  one  stage  of  their  development  their  normal 
haVjitat  in  the  soil  or  in  surface  water,  and  require 
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air,  a  certain  degree  of  warmth,  and  decomposing 
vegetable  organic  matter.  A  rise  of  ground- water  due 
to  heavy  rainfall,  or  impeded  or  insufficient  outflow, 
is  a  common  antecedent  of  severe  outbreaks  in  mala- 
rious districts,  and  many  such  districts  in  England 
and  elsewhere  appeau  to  have  been  permanently 
freed  from  malaria  by  improved  drainage.  Land 
that  has  gone  out  of  cultivation  may  become 
malarious  if  the  other  conditions  are  favourable. 
Marshy  land,  especially  if  covered  with  rank 
vegetation,  is  the  most  common  locus,  and  estuarial 
marshes  are  favourable  breeding  grounds.  Either 
permanent  flooding  or  drainage  will,  as  a  rule,  render 
them  non-malarious. 

Enteric  fever,  cholera,  and  yellow  fever  are  often 
endemic,  a  fact  that  in  itself  is  strongly  suggestive 
of  telluric  relations.  They  are  also  found  to  flourish 
best  where  the  soil  is  polluted  with  excremental  or 
other  animal  matter.  The  same  may  be  said  of  diar- 
rhoea, and  Ballard  has  shown  that  outbreaks  of 
summer  diarrhoea  have  a  close  relation  Avith  the  earth 
temperature  at  a  depth  of  four  feet.  Soil  may  become 
infected  by  the  spores  of  anthrax  or  tetanus,  and 
retain  the  infection  for  an  almost  indefinite  time. 

Buchanan  believed  not  only  that  phthisis  mortality 
bears  a  direct  relation  to  dampness  of  subsoil,  i.e.  to 
height  of  ground-water,  but  also  that  when  the 
ground- water  is  lowered  and  the  soil  dried  by  arti- 
ficial drainage,  the  recorded  phthisis  mortality  falls, 
but  this  view  must  be  accepted  with  reserve.  He 
concluded  that  there  is  less  phthisis  among  populations 
living  upon  pervious  soils,  which  were  higher  lying 
and  sloping,  than  on  impei'vious,  low  lying,  and  flat 
soils.  The  term  phthisis  is,  of  course,  to  be  taken  in 
a  broad  sense.  It  appears,  also,  that  dampness  of 
soil  is  favourable  to  all  affections  of  the  respiratory 
system,  including  bi'onchitis  and  pneumonia.    In  the 
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absence  of  definite  evidence  the  popular  theory  that 
damp  and  cold  soils  are  conducive  to  rheumatism 
and  all  manner  of  catarrhs  may  be  provisionally 
accepted,  A  high  level  of  ground-water  (say  within 
five  feet  of  the  surface)  is,  therefore,  objectionable, 
and  it  is  preferable  that  it  should  be  fifteen  feet  or 
more  from  the  surface ;  but  frequent  and  extensive 
fluctuations  of  level  are  probably  worst  of  all.  The 
.presence  of  clay,  like  high  ground-water,  renders  a 
soil  "  cold." 

Biiildiug:  sites.  —  Porous  soils,  like  sand  or 
gravel,  with  low  ground-water,  are  the  warmest,  and  in 
the  main  the  most  healthy ;  but  they  are  also  the  most 
liable  to  organic  pollution,  and  the  ground-air  moves 
freely  in  their  interstices.  Clay,  and  especially  a  clay 
slope,  affords  a  far  more  healthy  site  than  gravel  or 
sand  containing  oi'ganic  matter,  the  impure  ground- 
air  from  which  is  constantly  forced  out  of  the  soil, 
and  is  also  liable  to  be  drawn  into  the  interior  of 
houses  through  the  basement.  The  most  unhealthy 
site  of  all  would  be  a  hollow  with  impure  gravelly 
soil  and  high  and  fluctuating  level  of  ground- water  ; 
the  most  healthy,  the  summit  of  a  slope  with  dry, 
pure,  sandy  or  gravelly  soil,  and  low  and  stationary 
level  of  subsoil  water.  The  foot  of  a  slope  often 
receives  the  drainage  from  the  higher  ground,  and 
there  is  the  same  liability  to  damp  at  the  junction 
of  an  upper  porous  and  a  lower  impervious  bed, 
especially  if  the  strata  dip  towards  the  point  in 
question.  In  tropical  regions  it  is  necessary  to  take 
into  account  the  tendency  of  winds  to  pass  up  valleys 
and  ravines,  from  lower  to  higher  levels,  during  the 
day,  and  in  the  reverse  direction  at  night.  The 
proximity  of  marshy  or  "malarious"  ground  may  be 
dangerous,  even  if  the  site  itself  is  otherwise  free 
from  objection.  Herbage  is  beneficial,  for  the  reasons 
already  stated,  and  so  too  are  trees,  unless  they  are 
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allowed  to  interfere  with  light  and  circulation  of  air. 
Manured  lands  have  not  been  proved  to  be  hui-tful  : 
but  irrigated  lands,  and  especially  rice-fields,  which 
give  off  organic  matter  and  much  moisture,  are 
injurious ;  and  in  Italy  rice-grounds  are  not  allowed 
within  14  kilometres  of  cities,  or  1  kilometre  of 
small  towns  {Parkes).  There  seems  to  be  no  good 
evidence  against  well-managed  English  sewage  farms. 
"Made  soil"  is  usually  impure  and  unfit  for  building 
sites.  The  objection  is  gi-eatest  when  the  deposit  is 
recent  (within  3  years)  and  contains  excremental  or 
other  organic  refuse,  and  is  so  placed  in  hollows  that 
drainage  and  aeration  are  impeded. 

Ocolog-ical  formations.— The  following  is  a 
summary  of  Parkes's  conclusions  in  respect  to  the 
healthiness  of  certain  geological  formations,  but,  as  he 
points  out,  they  are  of  less  importance  than  the 
immediately  local  conditions  : — 

Granitic,  Meiamoo'phic,  and  Trap  rocks.  Millstone 
Grit  and  Clay  Slate  are  impervious  and  generally 
healthy.  The  slope  is  grea,t,  vegetation  not  excessive, 
air  dry,  and  water  pure.  Marshes  are  infrequent. 
These  rocks,  when  weathered  and  disintegrated,  are 
alleged  to  be  unhealthy. 

Limestone,  Oolite,  and  Magnesian  Limestone  [Dolo- 
mite) have  also  much  slope,  and  water  passes  off 
readily.  Marshes  may  occui',  even  ab  great  heights. 
Magnesian  limestone  is  the  worst  and  oolite  the  best. 
Goitre  and  calculus  may  be  met  with. 

Chalk  is  healthy  if  permeable  and  free  from  clay. 
The  air  and  water  are  pure.  Goitre  and  calculus 
are  less  common  than  in  limestone  districts.  Marly 
chalks  are  impermeable,  and  therefore  damp  and  cold, 
and  may  be  "  malarious." 

Sandstone,  if  permeable,  is  healthy.  The  air  and  soil 
are  dry,  but  the  water  is  often  impvire.  An  admix- 
ture, or  substratum,  of  clay  may  render  the  site  damp. 
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Sand  is  healthy  if  pure  and  dry.  Many  sandy 
soils  are  unhealthy,  e.g.  when  the  subsoil  water  is 
high  and  organic  impurities  are  present.  The  water 
is  liable  to  contain  salts  of  the  alkalies,  lime, 
magnesia,  and  iron,  and  is  often  unfit  for  drinking 
purposes. 

Gravel  is  healthy,  except  in  hollows  where  the 
ground- water  is  high.  Gravel  hillocks  are  the  healthi- 
est of  all  sites.    The  water  is  usually  pure. 

Alhivial  soils,  including  Clay  and  dense  Marl,  are 
usually  unhealthy.  Water  neither  runs  off  nor 
through  them,  marshes  are"  common,  the  air  is  moist, 
'  and  the  water  often  impure  with  lime  and  soda  salts. 
The  deltas  of  great  rivers  present  these  alluvial 
characters  in  the  highest  degree,  and  should  not  be 
adopted  for  sites  without  thorough  drainage. 

Much  may  be  done  to  improve  a  site  not  naturally 
healthy.  If  damp  it  may  be  drained,  or  trenches  may 
be  cut  around  it  so  as  to  intercept  the  subsoil  water 
on  its  way  from  higher  ground.  By  such  means  the 
level  of  the  ground-water  will  be  lowered  and  its  fluc- 
tuations lessened.  Damp  places  near  the  site  may  be 
.  drained  or  filled  in,  and  the  site  itself  may  be  artifi- 
cially elevated  if  necessary.  Trees  are  often  desirable 
for  shelter  or  ornament,  but  should  not  be  allowed  to 
interfere  with  light  or  circulation  of  air.  Rank  or 
superabundant  vegetation  must  be  cleared  away,  but 
short  gi'ass  is  beneficial. 
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CHAPTER  VI 

BUILDINGS. 

Milter         aiid    general  construction.— 

Most  of  the  ordinary  building  materials  are  pervious 
to  air  and  water  to  a  greater  or  less  extent.  Galton 
states  that  with  a  temperature  of  40°  F.  outside,  and 
72°  F.  within,  the  volumes  of  air  passing  through  a 
square  yard  of  wall  vary  according  to  the  material,  as 
follows  : — 

Sandstone     .  4*7  cubic  feet  per  hour. 

Q,uan"ied  Limostuuc;  .  6-5  ,,  ,, 
Brick  ....  7-9  „  ,, 
Limestone  .  .  .  lO-l  ,,  ,, 
Mud     .       .       .  ■    .    14-4        „  „ 

The  thickness  of  the  wall  is  supposed  to  be  the 
same-  in  all  cases.  Mortar,  cement,  and  concrete*  are 
also  permeable,  and  the  caustic  lime  they  contain 
absorbs  carbonic  acid  until  it  becomes  saturated. 
Wood  in  its  natural  condition  absorbs  water,  and  the 
inevitable  joints  and  crevices  admit  of  the  passage  of 
air  and  water.  Bricks  are  usually  9  in.  x  4|  in,  x 
2|  in.  They  are  porous  and  absorbent,  but  if  of  good 
quality  make  excellent  building  material,  Stone 
varies  greatly  in  consistence  and  durability.  Portland 
stone  is  much  used  in  the  metropolis. 

By  painting,  varnishing,  and  other  means  the 
inner  surfaces  of  walls,  floors,  and  ceilings  can  be  ren- 
dered impervious,  and  walls  lined  with  glazed  bricks 
or  the  finer  cements  (Parian)  are  scarcely  permeable. 

*  Mortar  consists  of  sharp  sand  and  slaked  lime  in  the  proportion  of  3  to 
1.  Frequently  inferior  material  is  worked  up  into  mortar.  Portland 
Ceiimii  is  made  by  grinding  chalk  and  mixing  it  with  blue  clay  and  river 
mud,  then  burning  it  in  a  kiln  and  grinding  it  to  a  fine  powder.  "  Conipo  " 
is  a  mixture  of  Portland  cement  with  sand  for  external  plastering  in  two 
coats,  a  rough  coat  composed  of  1  part  cement  to  5  parts  compo,  and  a  fine 
coat  of  2  parts  flue  sand  and  1  part  cement.  With  this  material  walls  are 
"rendered."  Concrete  is  composed  of  3  parts  broken  ballast,  2  jwrts  sand, 
and  1  part  lime  or  cement. 
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The  disadvantages  of  porous  materials  are 
obvious,  and  the  air  admitted  in  this  way  though 
small  in  amount  is  at  least  doubtful  in  purity. 
Pervious  walls  are  liable  to  be  damp  and  cold.  Air 
passing  through  them  in  either  direction  is  filtered, 
and  the  wall  becomes  charged  with  organic  impurities. 
This  is  specially  the  case  with  the  inner  surfaces,  and 
in  hospitals  it  is  now  customary  to  render  the  walls 
and  floors  impervious  as  far  as  possible.  The  exclusion 
of  damp  and  impure  ground-air,  by  means  of  imper- 
vious basements,  is  absolutely  necessary  in  all  inhabited 
buildings.  This  may  most  conveniently  be  efiected  by 
covering  the  basement  in  every  part  with  a  layer  of 
concrete  six  inches  thick,  as  required  by  the  Model 
Bye-laws,  but  other  materials  may  be  employed. 
It  has  been  pro- 
posed to  cut  oft' 
the  communica- 
tion with  the 
soil  still  more 
thoroughly  by 
elevating  the 
house  upon  pil- 
lars and  arches, 
thus  allowing 
free  play  of  fresh 
air  beneath  it. 
If  there  are  no 
cellars,  the  same 
result  may  be  at- 
tained in  some 
degree  by  con- 
structing the 
lowest  floor  a 
foot  or  two  above 
the  ground  level,  and  freely  ventilating  the  space  be- 
neath by  means  of  large,  air-grates.    In  houses  built 


Fig.  5.— Damp-coiirse. 
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without  precautions  of  this  kind  the  entrance  of 
gi'ound-air  through  the  basement  is  inevitable  when- 
ever the  air  in  the  interior  of  the  house  is  warm,  and 
therefore  lighter  than  that  outside. 

Measures  must  also  be  taken  to  prevent  damp  from 

rising  in  the  walls 
by  capillary  atti-ac- 
tion.  For  this  pur- 
pose a  "damp-course" 
must  be  provided, 
that  is,  a  continuous 
horizontal  course  of 
glazed  earthenware, 
sheet  lead,  two  layers 
of  ordinary  roofing 
slate  set  in  cement, 
|in.  of  asphalt,  stone= 
ware  slabs,  two 
courses  of  Stafford- 
shire bricks,  or  other 
impervious  material, 
of  the  full  thickness 
of  the  wall,  aboA  e 
the  highest  point  at 
which  the  wall  is 
in  contact  with  the 
earth,  and  below  the 
lowest  timbers  or 
floor  supports  (Fig.  5).  It  is  undesirable  to  allow 
the  soil  to  be  in  contact  with  the  wall  of  any  room  or 
cellar,  and  this  can  usually  be  obviated  by  excavating 
it  on  the  outside  to  below  the  level  of  the  floor  so  as 
to  form  a  "  dry  area,"  but  if  this  is  impracticable  the 
device  shown  in  the  Model  Bye-laws  may  be  employed  ; 
the  wall  is  made  hollow  up  to  a  point  above  the 
ground  level,  and  two  damp-courses  are  inserted,  one 
at  the  level  of  the  bottom  of  the   cavity,  and  of 


Fig.  6.— Double  damp-course.    Soil  abut- 
ting vipon  hollow  wall. 
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course  beneath  the  floor  level,  the  other  at  the  top  of 
the  cavity,  and,  therefore,  above  the  level  of  the 
ground  outside  (Fig.  6).  In  this  way  the  inner  wall  is 
completely  isolated  from  the  soil. 

The  necessity  for  free  ventilation  extends  to  all 
closed  spaces,  including  those  below  floors.  There  is 
a  tendency  among  builders  to  use  air-grates  so  con- 
structed and  arranged  as  to  allow  but  little  air  to 
pass.  If  the  ventilation  is  insufficient,  the  air  becomes 
damp  and  musty,  and  the  fungous  growth  known  as 
"dry-rot"  {Merulius  lacrimans)  is  liable  to  set  in. 
As  regards  the  upper  storeys,  however,  the  ventila- 
tion through  the  boards  and  ceiling  is  usually  sufficient 
to  prevent  dry-rot,  unless  the  floor  is  covered  with 
oilcloth  or  otherwise  rendered  impervious.  Fireproof 
floors  are  now  becoming  common. 

The  thickness  of  walls  is  often  regulated  solely 
by  considerations  of  stability,  and  the  choice  of 
materials  by  their  cheapness  and  convenience,  but 
regard  should  also  be  had  to  warmth  and  exclusion 
of  damp.  It  is  sometimes  advantageous  to  make  the 
outside  wall  hollow  or  double,  or  even  to  fill  in  the 
hollow  of  a  double  wall  with  pitch  or  cement.  The 
outer  surface  may  also  be  made  impervious  by  paint, 
tar,  cement,  or  slate.  Damp  walls  may  be  due  to 
ascending  moisture  where  there  is  no  damp-proof 
course,  or  to  overflow  from  roof-gutters  and  rain- 
water pipes,  etc.  The  walls  separating  one  house 
from  another  should  be  carried  up  to  or  above  the  roof 
in  every  part.  Any  communication  beneath  the  roof 
is  objectionable  for  many  reasons,  including  danger 
in  case  of  fire  or  infectious  disease  in  one  of  the 
houses.  The  Model  Bye-laws  require  for  the  external 
walls  or  party-walls  of  houses  a  minimum  thickness 
of  nine  inches,  increasing  according  to  a  prescribed 
scak  when  the  height  exceeds  25  feet  or  the  length 
30  feet.    AValls  should  be  properly  bonded  by  Flemish 
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bond  (bricks  placed  transversely  and  longitudinally 
by  turn)  or  English  bond  (a  coui'se  of  longitudinal 
alternating  with  a  course  of  transverse). 

The  roof  itself  affords  very  little  protection  from 
the  extremes  of  temperature,  and  the  rooms  imme- 
diately beneath  it,  if  intended  for  occupation,  should 
have  a  "false  roof"  or  ceiling  over  them,  so  as  to 
leave  an  intervening  air-space  below  the  slates. 

The  size  of  the  rooms  will,  of  course,  be  regulated 
by  convenience  and  by  the  purpose  for  which  they  are 
intended.  As  a  rule,  the  height  should  not  be  less 
than  ten  feet,  but  extreme  height  is  not  desirable 
unless  means  are  provided  for  carrying  away  the  hot 
and  impure  air  from  the  upper  pai*t  before  it  con- 
denses and  falls  again.  A  window  opening  top  and 
bottom  and  placed  in  an  external  wall  is  essential  in 
every  inhabited  room,  and  as  far  as  possible  a  due 
northern,  and  therefore  sunless,  aspect  is  to  be  avoided. 
Besides  the  window,  every  room  should  have  an  open 
chimney,  or  at  least  some  permanent  and  effectual 
means  of  ventilation  not  entirely  under  the  control  of 
the  occupant.  Rooms  beneath  the  ground  level  are 
liable  to  damp,  stagnation  of  air,  and  deficiency  of 
sunlight,  and  should  never  be  used  as  bedrooms.  A 
central  hall  or  staircase  of  the  full  height  of  the 
house,  with  ventilating  windows  at  the  top,  is  useful 
in  promoting  free  circulation  of  air  throughout  the 
building. 

For  the  sake  of  secui'ing  a  share  of  sunlight  in 
every  room,  it  is  preferable  that  rows  of  houses  should 
run  north  and  south,  and  that  square  buildings  should 
have  angles  in  those  directions. 

Every  house  should  have  both  in  front  and  rear 
an  open  space  at  least  equal  in  length  to  the  height 
of  the  building,  in  order  to  allow  sufficient  light 
and  ventilation  for  the  rooms  on  the  lowest  floor. 
The   arrangement    of  houses  in    courts    or  small 
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closed  squares  is  objectionable,  since  tbe  air  cannot 
circulate  freely.  Cul  de  sac  courts  and  courts 
entered  under  archways  or  by  high- walled  alleys  are 
on  this  account  to  be  deprecated.  Nor  should  build- 
ings be  so  placed  in  relation  to  each  other  as  to  pre- 
vent free  access  of  sunlight  and  air.  The  space 
in  front  of  houses  should  be  of  a  minimum  width  of 
36  feet  for  a  street  of  more  than  100  feet  in  length 
which  itself  must  be  at  least  24  feet  wide  (in  London 
40  feet).  Model  Bye-laws  provide  for  at  least  150 
superficial  feet  at  the  rear  of  houses.  The  London 
Building  Act  crystallizes  the  principle  that  the  amount 
of  space  at  the  rear  shall  be  proportionate  to  the 
height  of  the  building,  and  it  contains  a  niimber  of 
regulations  as  to  building  in  new  and  old  streets. 
Streets  should  not  be  of  less  width  than  the  height  of 
the  houses  in  them,  and  a  line  drawn  from  the  ridge 
of  the  roof  to  the  foot  of  the  wall  opposite,  front 
and  rear,  should  not  make  an  angle  of  more  than  45° 
with  the  ground.  The  practice  of  building  over  back- 
yards which  prevailed  in  Central  London  last  century 
is  wholly  pernicious,  for  such  a  system  leads  to  back- 
to-back  houses. 

Back-to-back  houses  are  dwellings  in  which 
through  ventilation  cannot  be  obtained,  and  the 
absence  of  curtilage  at  the  back  is  in  itself 
a  serious  inconvenience.  They  have  usually  dark 
and  ill-ventilated  sculleries,  pantries,  storerooms,  or 
living  rooms,  and  it  is  often  difficult  to  secure  the 
satisfactory  disconnection  of  sink  wastes.  The 
closets  have  to  be  built  in  blocks,  often  at  an  incon- 
venient distance,  and  in  a  public  position.  Tatham 
has  shown  that,  in  such  houses  mortality  rates  are 
higher,  by  comparing  the  death  rates  in  Salford  (26-1 
per  1,000)  where  there  were  no  back-to-back  houses 
with  the  death  rates  where  1 8  per  cent,  of  the  houses 
were  of  this  character  (29-1  per  1,000),  and  where 
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50  per  cent,  were  of  this  character  (37 per  1,000). 
Many  similar  i-eturns  have  been  made,  and  the  L.G.B. 

do  not  now  sanction  bye-laws  which  permit  of  the 
erection  of  back-to-back  houses. 

The  interior  of  a  house  will  of  course  be  arranged 
according  to  the  taste  and  circumstances  of  the  owner. 
Walls  may  suitably  be  rendered  in  plaster  (lime 
mortar,  or  cement  mortar)  and  finished  by  lime- wash- 
ing, as  in  outbuildings,  whitewashing  with  "  whiting" 
(chalk,  size,  and  alum),  distempei'ing,  painting  in  oils, 
or  papering.  Painting  of  wood,  iron- work,  etc.,  has 
many  advantages,  and  tends  to  cleanliiiess  and 
preservation.  It  may  frequently  be  washed.  New 
papers  should  not  be  pasted  over  old  ones,  as  this  leads 
to  filth,  and,  in  tenement  houses,  to  verminous  con- 
ditions. The  wall  should  be  *'  stripped  "  and  cleamsed, 
and,  if  necessary,  rendered  with  size  before  the  new 
paper  is  put  on. 

New  houses  are  constructed  under  the  supervision 
of  the  S.A.,  and  in  accordance  with  bye-laws  pre- 
scribing all  details  necessary  for  sanitary  pui'poses. 
Old  houses  are  very  often  wanting  in  many  points 
now  regarded  as  essential  for  the  health  of  the 
inmates,  and  it  becomes  a  matter  of  considerable 
difficulty  to  decide  how  far  it  is  practicable  to  enforce 
modern  requirements  in  such  houses.  If  the  defects 
are  such  as  to  be  prejudicial  to  the  health  of  the 
inhabitants,  it  is  the  duty  of  the  S.A.  to  require 
the  necessary  repairs  or  alterations  to  be  carried  out, 
and  it  is  incumbent  upon  the  M.O.H.  and  Inspector 
of  Nuisances  to  bring  such  cases  to  the  notice  of 
the  Authority  for  that  purpose.  Very  often  it  is 
not  possible  to  efiect  such  alterations  as  would  be 
considered  satisfactory  in  new  premises,  and  a  certain 
degree  of  latitude  has  to  be  allowed.  No  hard  and 
fast  line  can  be  drawn  between  that  which  is  essential 
and  that  which  is  desu-able,  and  a  similar  difficulty 
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frequently  arises  in  deciding  whether  a  house  is  or  is 
not  fit  for  habitation.  Sometimes  the  question  is  only 
one  of  degree,  in  matters  regarding  which  fixed  stan- 
dards are  impossible.  Several  causes  may  combine  to 
render  a  house  unhealthy. 

Water-supply  to  houses. — The  Public  Health 
Act,  1875,  and  the  Public  Health  (Water)  Act,  1878, 
give  powers  to  S. A.  to  enforce  supply  of  water  to  indi- 
vidual houses,  groups  of  houses  and  villages. 

Under  the  1875  Act,  the  S.A.  can  only  insist  on 
a  supply  to  a  house  if  the  cost  does  not  exceed  the 
water  rate  authorised  by  any  local  Act  in  force  in  the 
district,  or  2d.  per  week,  or  such  other  cost  as  the 
L.G.B.  may,  on  the  application  of  the  S.  A.,  determine 
to  be  reasonable. 

The  Public  Health  (Water)  Act,  1878,  makes  it 
the  duty  of  a  Rural  S.A.  to  see  that  every  occupied 
dwelling-house  in  their  district  "  has  within  x-eason- 
able  distance  an  available  supply  of  wholesome 
water,"  but,  unfortunately,  the  interpretation  of 
"  reasonable  distance,"  and  "  an  available  supply," 
has  in  the  past  often  been  so  liberal  that  the  Act  has 
been  largely  inoperative. 

The  Metropolis  Water  Act,  1871,  gave  power  to 
the  Board  of  Trade  to  make  regulations  controlling 
the  supply  to  houses  by  water  companies.  The 
Public  Health  (London)  Act,  1891  (s.  48),  states  that 
a  dwelling-house  shall  be  deemed  unfit  for  human 
habitation  if  it  is  without  a  proper  and  sufiicient 
supply  of  water.  New  houses  in  London  have  to  be 
certified  in  this  respect. 

Ventilation. — One  of  the  most  important 
matters  in  connection  with  buildings,  particularly 
dwelling-houses,  is  ventilation.  Taking  the  average 
frequency  of  respiration  as  16  per  minute,  and  the 
average  volume  of  each  breath  as  30  cubic  inches,  the 
volume  of  air  expired  is  about  17  cubic  feet  per  hour, 
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and  if  it  Avere  possible  to  cany  this  immediately 
away  (as  is  done  in  the  case  of  divers)  a  fresh-air 
supply  of  17  cubic  feet  per  hour  would  suffice.  In 
practice,  the  expired  air  cannot  be  prevented  from 
mixing  with  the  rest,  and  we  have  to  determine  how 
much  fresh  air  is  needed  to  dilute  down  the  respira- 
tory impurities  to  a  permissible  point,  assuming  that 
the  whole  of  the  air  in  the  room  is  equally  con- 
taminated. 

When  the  carbonic  acid  in  the  air  of  a  room 
exceeds  0*6  volume  per  1,000,  the  air  begins  to  be  per- 
ceptibly "  close"  to  a  person  entering  from  the  open  air, 
and  it  is  usual  to  adopt  this  as  a  standard  of  purity, 
and  to  aim  at  introducing  a  sufficient  supply  of  fresh 
air  to  keep  the  carbonic  acid  at  or  below  this  point. 

A  thousand  cubic  feet  of  fresh  air,  containing  0'4 
cubic  foot  of  carbonic  acid  (see  page  3),  can  therefore 
take  up  0'2  cubic  foot  more  without  exceeding  the 
limit  of  0'6.  As  already  stated  (p.  10),  an  average 
man  gives  off  0*6  cubic  foot  of  carbonic  acid  per  hour, 
0*6 

so  that        x  1,000,  or  .3,000  cubic  feet  of  fresh  air 

per  hour,  are  needed  to  maintain  the  standard  of 
purity.  If  other  values  be  adopted  for  any  of  the 
preliminary  data,  the  volume  of  fresh  air  needed  will 
be  proportionately  modified.    In  general  terms,  if 

A  =  no.  of  c.f.  of  CO.,  in  1,000  c.f.  of  fresh  air  zz  0-4, 
C  =  proposed  max.  limit  of  CO2  in  the  air  of  the  room, 
R  =  no.  of  c.f.  of  CO2  given  off  per  head  per  hour  =.  0-6, 
F  =  volume  of  fresh  air  required  per  head  per  hour  to  main- 
tain the  standard  C, 

^       Ex  1,000        ,  .  J 

Then  F  =      — and-  for  n  persons  the  required 

Kj  —  A. 

M  X  R  X  1,000       «  X  600 
Yoluiae  becomes   ^ —  ,  or   

Example  I. — What  hourly  supply  of  fresh  air  is  needed  for  a 
hall  containing  100  persons,  in  order  that  the  air  of  the 
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hall  may  not  contain  more  than  0-7  part  of  carbonic 
acid  per  1,000  A'olumes  of  air':' 

Ansicer :  -r-^^^^^^  200,000  cubic  feet. 
•  a-?  —  0-4  ' 

Example  II. — If  12,000  cubic  feet  of  fresh  air  per  hour  are 
supplied  to  a  room  containing  10  persons,  what  proportion 
of  carbonic  acid  will  be  found  in  the  air  of  the  room  ? 

nil     o         1    -n       "     600  , 

Ihe  lormula  r  =  ,^ — .  becomes 
C  —  A 

„  „„„    10  X  600 
12,000= 

Hence  C  =  0-9  per  1,000  cubic  feet. 

It  is  of  course  assumed  that  an  equal  volume  of 
impure  air  is  removed  to  make  way  for  the  fresh  air. 

Carnelley,  Haldane,  and  Anderson  found  that  the 
determination  of  carbonic  acid  alone  is  not  a  satis- 
factory measure  of  the  impurity  of  the  air  in  other 
respects.  There  is  no  definite  connection  between  the 
number  of  microbes  and  the  amount  of  COo,  but  in 
general  a  high  proportion  of  COo  is  accompanied  by  a 
high  proportion  of  organic  matter.  Nor  does  it  of 
course  include  other  impurities,  such  as  sulphur.* 

As  gas  forms  in  burning  about  half  its  volume  of 
C0.2,  the  products  of  combustion  (on  a  standard  of 
20  grains  of  sulphur  per  100  cubic  feet)  would  con- 
tain less  than  0*5  grains  of  sulphur  to  500  litres  of 
COo.  If  the  sulphur  were  oxidised  to  SOo  this  would 
correspond  to  about  one  volume  of  SO3  to  1,500 
volumes  of  CO3,  which  would  not  produce  any 
perceptible  effect  in  the  atmosphere  of  a  room.  The 
sulphur  contained  in  crude  unpurified  lighting  gas  is 
present  chiefly  as  HoS,  about  one-tenth  being  present 
in  other  forms  (as  CSo).  Gas  which  is  purified  from 
carbon  bisulphide  is  greatly  superior  from  a  hygienic 

•  The  English  gas  companies  are  usually  legally  required  to  supply  gas 
containing  less  than  20  grains  per  100  cubic  feet.  In  London  hitherto  the 
maximum  has  been  17  grains  in  summer  and  22  in  winter.  In  some 
provincial  towns  as  much  as  30  is  allowed. 
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standpoint  to  gas  which  is  only  purified  from  sul- 
phuretted hydrogen. 

As  regards  the  more  specific  diseases,  the  injurious 
effects  of  deficient  ventilation  are  obvious.  Crowding 
in  a  common  atmosphere  has  long  been  known  to  be 
disastrous  in  typhus  and  erysipelas,  and  more  recent 
experience  has  established  this  in  respect  of  diphtheria, 
influenza  and  other  maladies,  both  as  regards  trans- 
mission of  infection  and  intensification  of  type,  or 
retardation  of  recovery.  Ventilation  has  greatly 
lessened  phthisis  in  barracks  and  other  institutions, 
and  with  cleanliness  it  has  banished  typhus  from 
prisons,  and  hospital  gangrene  and  erysipelas  from 
hospitals.  The  success  of  the  open-air  treatment  in 
camp  hospitals  and  in  sanatoria  for  phthisis  has  the 
same  significance.  It  is  evident  that  all  diseases 
in  which  the  breath  is  infectious  must  necessarily  be 
more  readily  transmissible  when  the  expired  air  is 
rebreathed  in  a  concentrated  form. 

Apart  from  this  there  is  abundant  evidence  of  the 
gain  in  comfort,  general  health  and  longevity  under 
conditions  of  adequate  fresh  air  supply,  and  conversely 
of  higher  death  rates  (general,  and  fi-om  bronchitis  and 
other  non-specific  caxises),  impaired  health,  anaemia, 
headaclie,  and  depression  among  those  whose  lives 
are  largely  spent  in  ill-ventilated  rooms.  Some  of 
these  effects  are  felt  at  once  by  susceptible  persons  on 
entering  a  room  in  which  others  work  without 
discomfort,  but  the  pi'ecise  relation  between  them  and 
the  several  physical  conditions  which  impurity  of  air 
connotes,  is  not  clear.  Experiments  have  been  made, 
with  conflicting  results,  by  remoAong  one  or  other  of 
these  conditions  while  leaving  the  rest  to  increase  in 
a  degree  far  beyond  that  met  with  in  pi*actice.  Thus, 
in  experiments  by  Haldane  and  Lorrain  Smith 
carbonic  acid  alone  did  not  appear  to  disturb 
respiration  until  it  had  risen  to  about  300  parts  per 
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10,000  ;  nor  did  diminution  of  oxygen  do  so  until  the 
proportion  had  fallen  from  21  to  12  per  cent,  of  the 
air.  But  if  COo  be  removed,  the  accumidation  of 
organic  matter,  which  is  usually  regarded  as  the  most 
harmful  factor,  seems  to  produce  little  effect. 
Humidity  alone  cannot  be  held  responsible,  for  it  may 
approach  saturation  even  in  the  open  air.  Haldane  is 
inclined  to  attach  some  importance  to  the  depressing 
influence  of  the  smell  which  accompanies  want  of 
ventilation. 

There  is,  however,  no  doubt  as  to  their  com- 
bined effect,  and  it  must  be  remembered  that  experi- 
mental conditions  do  not  attempt  to  imitate  those  of 
daily  life,  in  duration  or  in  attendant  circumstances 
such  as  exercise.  The  one  is  rather  a  question  of  acute 
poisoning,  the  other  of  chronic  poisoning. 

Air  space. — With  ordinary  appliances,  and  under 
the  average  atmospheric  conditions  of  the  climate  of 
England,  the  air  of  a  room  cannot  be  changed  more 
than  about  three  times  per  hour  without  causing  an 
inconvenient  amount  of  draught.  Hence,  in  order  to 
supply  3,000  cubic  feet  of  fresh  air  per  hour,  we  should 
have  an  air-space  for  each  person  of  at  least  1,000  cubic 
feet.  In  calculating  this,  only  the  available  air-space 
should  be  taken  into  account,  deduction  being  made 
for  furniture  and  other  solid  objects.  It  must  be  re- 
membered, too,  that  air  stagnates  in  nooks  and  corners, 
and  the  useful  part  of  the  air-space  is  that  in  which 
the  air  moves  freely.  For  these  and  other  reasons  it 
is  more  difficult  to  provide  for  the  efficient  ventilation 
of  a  small  room  than  of  a  large  one,  the  air-space  per 
head  being  the  same  in  each  case ;  but  on  the  other 
hand  the  transpiration  through  walls,  ceilings,  and 
floors  is  relatively  greater  in  small  rooms,  owing  to 
their  higher  ratio  of  surface  to  air  contents.  The 
extent  and  practical  importance  of  this  transpiration 
is  proved  not  only  by  OOg  determinations  but  by.  the 
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experience  gained  in  sulphur  fumigation  where  the 
leakage  of  the  gas  is  I'apid  and  demonstrable  in  spite 
of  every  precaution  to  prevent  its  escape  through 
openings. 

A  further  reservation  i.s  necessary.  Above  a 
certain  height  air-space  ceases  to  be  useful,  since  it 
does  not  assist  ventilation  ;  and  in  such  circumstances 
increase  in  height  cannot  compensate  for  inadequacy 
in  length  and  breadth,  that  is,  floor-space.  There  may 
be  overci"o\vding  and  even  sufibcation  in  the  open  air. 
It  is  a  common  rule,  in  I'ooms  of  moderate  size,  to 
disregard  height  above  1 5  feet  in  calculating  air-space, 
but  the  limit  varies  with  the  floor  area.  In  the  special 
rules  for  certain  dangerous  processes  under  the  Factory 
Act,  the  requirement  of  at  least  400  cubic  feet  of  air- 
space per  head  is  coupled  with  a  condition  that  height 
above  1 4  feet  is  not  to  be  taken  into  account.  In 
hospitals  and  schools  there  is  a  standard  of  floor-space 
per  bed,  apart  from  mere  cubic  capacity. 


Average  E.e.sults  of  Analyses  of  Air  in  Sleeping  Rooms  be- 
tween 12.30  and  4.30  A.M.  [Carnelley,  Haldane,  and  Anderson.) 


Cubic  Feet  per 
Head. 

Tempera- 
ture 
(Fahrenheit.) 

Carbonic 
Acid  per 
1,000  vols. 

Organic 
Matter  (.vols, 
of  Oxygen  re- 
quired per 
million  vols, 
of  air). 

Microbes 
I^er  litre. 

100-180  . 

55" 

Mo 

15-1 

80 

180-260  . 

54° 

1-07 

15-1 

49 

260-340  . 

53° 

1-03 

11-8 

32 

340-500  . 

57° 

0-92 

8-4 

42 

500-1,000  . 

54° 

0-86 

0-6 

6 

1,000-2,500  . 

53° 

0-67 

3-9 

;^ 

2,500-4,000  . 

57" 

0-79 

5-0 

The  experiments  summarised  above  were  made  in 
Dundee.    They  tend  to  show  that  about  1,000  cubic 
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feet  per  head  are  sufficient,  and,  indeed,  the  impuri- 
ties were  somewhat  greater  when  very  large  space 
was  provided,  owing  probably  to  imperfect  ventilation. 

The  same  observers  compared  houses  of  one,  two, 
three,  and  four  rooms,  in  regard  to  impurity  of  air  and 
mortality  from  different  causes  among  the  inmates. 
They  found  that  the  smaller  the  tenement  the 
greater  was  the  impurity  of  the  air,  as  shown  by 
increase  of  carbonic  acid,  microbes,  and  organic 
matter.  The  death-rate  increased  in  like  manner, 
and  especially  among  children.  Comparing  one-roomed 
with  four-roomed  houses,  the  general  death-rate  was 
doubled,  and  the  death-rate  at  ages  below  five  years 
quadrupled.  The  increase  was  most  marked  in 
diarrhoea,  measles,  whooping  cough,  bronchitis,  and 
pneumonia.  The  same  general  conclusions  are  well 
illustrated  in  the  following  table  : — 


FiNSBURV.    Death  Rates  (per  1,000  living),  1905-6. 


Size  of 
5  Tenements 
1  (Number  of 
Rooms). 

Census 
Popu- 
lation, 

All  Causes. 

Principal 
Zymotic 
Diseases. 

Phthisis. 

Respira- 
tory disease 
(excluding 
Phthisis). 

1901. 

1906. 

1906. 

1905. 

1906. 

1905. 

1906. 

1905. 

1906 

8-3 
4-8 
2-9 
1-2 

One  .. 
Two  .. 

Three  

Four  or  more 

14,616 
31,482 
21,280 
33,186 

32-7 
19-5 
12-3 
6-6 

39-0 
22-6 
14-8 
6-4 

3-4 
2-8 
1-8 
0-7 

6-4 
5-5 
2-6 
0-8 

3-5 
2-1 
1-3 

0-8 

3-4 
2-3 
1-4 
0-9 

6-4 
5-2 
2-8 
1-4 

The  Borough 

101,463 

18-9 

20-7 

2-0 

3-7 

2-1 

2-3 

4-4 

4-0 

The  actual  air-space  obtained  in  practice  frequently 
falls  very  far  short  of  1,000  cubic  feet  per  head,  even 
in  large  private  houses.  In  registered  common 
lodging-houses  the  minimum  is  usually  300  cubic  feet 
per  head,  but  varies  according  to  the  regulations  of  the 
different    local    authorities,    and    in  working-clas 
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dwellings  it  is  fruiiiiently  much  less  still.  Tliu 
London  Education  Committee  require  120  culjic 
feet  per  liead  as  a  minimum  in  primary  schools 
(96  cubic  feet  in  infant  schools).  The  lowest  standard 
expressly  sanctioned  by  law  is  that  for  canal-boats, 
namely,  60  cubic  feet  per  head  for  achdts,  and 
40  for  children.  It  is  important  to  bear  in 
mind  that  air-space  is  chiefly  valuable  as  making 
ventilation  possible  without  "  draught,"  and  not  as  a 
stoi'e  of  fresh  air.  The  foul  air  of  an  average  occupied 
bedroom  in  the  morning  is  a  proof  that  proper 
ventilation  has  not  been  provided,  whatever  the  mag- 
nitude of  the  cubic  space.  No  bedroom,  however 
large,  ever  contains  a  sufficient  supply  of  fresh  air 
for  the  night,  but  the  larger  the  room  the  more  readily 
can  efficient  ventilation  be  contrived.  A  thousand 
cubic  feet  of  space  per  person  is  ample,  if  the  aii-  is 
changed  three  times  per  hour,  but  in  itself  a  thousand 
cubic  feet  of  air  is  a  sufficient  supply  for  one  person 
for  twenty  minutes  only,  i£  the  CO,  is  to  be  kept 
down  to  0-6  per  1,000. 

The  objection  to  draught  is  largely  dependent  upon 
its  chilling  effect,  so  that  in  hot  Aveather,  or  when  the 
fresh  air  is  warmed  artificially,  the  aii-  of  a  room  may 
be  changed  more  rapidly  than  three  times  an  hour, 
and  in  that  case  a  somewhat  smaller  cubic  space  may 
be  sufficient. 

Although  the  carbonic  acid  of  expired  air  diffuses 
readily,  the  organic  matter  is  less  volatile,  and 
hangs  about  iia  invisible  clouds  unless  dissipated  by 
local  currents.  Hence  the  composition  of  air  in  an 
occupied  room  is  not  uniform,  even  at  the  same  level, 
though  for  practical  purposes  it  may  usually  be 
assumed  to  be  so.  In  a  lai-ge  room  occupied  by  many 
persons  both  the  local  currents  and  the  foci  of  poUu- 
tion  a,re  numerovis,  so  that  the  composition  of  the 
air  is .  much  more  uniform  than  in  a  small  room 
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occupied  by  011c  person.  If  from  any  cause  the 
air  passing  out  of  the  room  is  not  tlie  most  impure, 
the  remaining  air  will  be  found  to  exceed  the  theo- 
retical degree  of  impurity.  The  outlet  should  be  at 
or  near  the  highest  point,  since  expired  air,  being 
warm  and  moist,*  is  lighter  than  ordinary  air,  and 
ascends  at  first  to  the  upper  part  of  the  room. 

The  fresh-air  inlets  should  be  arranged  as  far  as 
possible  so  as  to  avoid  draughts  impinging  upon  the 
occupants,  to  secure  diffusion  of  the  current,  and  to 
counteract  the  tendency  of  the  fresh  air  (if  cool)  to 
sink  to  the  lowest  level.  This  may  be  effected  by 
giving  it  an  upward  direction  on  entering,  so  that 
before  descending  it  mixes  with  the  air  of  tlie  i-oom. 

In  measuring  a  room  for  the  purpose  of  calculating 
the  air-space,  recesses  and  projections  may  be  taken 
separately,  and  then  added  to  or  deducted  from  the 
total.  A  similar  procedure  will  obviate  any  difficulty 
in  cases  where  the  ceiling  is  not  horizontal  throughout,  f 

The  ventilation  of  a  room  or  building  may  be 
natural "  or  "  artificial,"  the  latter  term  being 
applied  to  mechanical  means  for  extraction  or  pro- 
pulsion of  air,  and  the  former  to  all  other  forms  of 
ventilation. 

Natural  ventilation  is  dependent  upon  wind, 

*  The  vapour  of  water  is  lighter  than'air.  The  volumes  occupied  by  18 
parts  by  weight  of  water  vapour,  32  of  oxygen,  and  28]of  nitrogen,  are 
equal ;  these  proportions  being,  of  course,  those  of  their  respective 
molecular  weights. 

t  Very  often  only  right  angles  are  met  with,  so  that  the  floor  area 
=  length  X  breadth,  and  the  cubic  capacity  =  area  x  height.  The 
following  rules  cover  most  of  the  other  conditions  likely  to  occur  in 
practice. 

Area  of  triangle  =  Base  x  Height  x  \.   (Euclid  T.  41.) 
Area  of  an  irregular  four-sided  figure.    Divide  into  two  triangles,  by 
joining  two  opposite  angles.  Find  area  of  each  triangle,  and  add  together. 
Area  of  a  circle  =  (Diaraeter)^  x  0'7854. 
Area  of  a  semicircle  —  (Diameter)^  x  0'3927. 

Area  of  segment  of  c'rcle  =  Chord  x  Height  x  f 

.  2  X  Chord. 

Area  of  an  ellipse  =  Long  Diameter  x  Short  Diameter  x  O'TSS*. 

Capacity  of  a  dome  =  Area  of  base  x  Heiglit  x  f . 

Capacity  of  a  cone  or  pyi^mid  =  Area  of  Base  x  Height  x  \. 
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upon  local  currents  due  to  differences  between  in- 
ternal and  external  temperatures,  and  still  more  upon 
local  cuiTents  determined  by  artificial  heat,  as  in 
chimneys  or  ventilating  gas-lights,  although  these  last 
may  perhaps  more  properly  be  considered  as  artificial 
means  of  ventilation. 

Air  finds  its  way  into  a  room  by  the  door.s  and  windows, 
however  close-fitting,  and  to  a  less  extent  through  brick  or 
stone  walls,  ceilings  and  floors.  These  leakages  are  very  small 
if  a  proper  fresh-air  inlet  has  been  provided.  Such  inlets  may 
be  window  openings,  or  ventilating  fire-places  or  stoves,  or 
special  openings  (ventilators).  Windows  should  be  made  to 
open  at  top  and  bottom,  but  it  is  desirable  to  have  in  addition 
some  means  of  admitting  air  at  all  seasons  without  draught. 
This  may  be  done  by  having  double  windows,  or  one  or  more 
double  panes,  and  providing  an  opening  at  the  bottom  of  the 
outer  and  at  the  top  of  the  inner  one,  so  as  to  admit  fresh  air 
in  an  upward  current.  Louvred  panes  and  several  modifica- 
tions of  "hit-and-miss"  ventilators  are  also  available.  A 
simple  and  effectual  device  (Hinekes-Bird's)  is  to  place  a  board 
beneath  the  lower  sash,  propping  it  up  and  filling  in  the  space 
below  while  providing  a  way  for  an  upward  indraught  between 
the  two  sashes.  Another  plan  is  ior  the  upper  part  of  the 
window  to  be  hinged  below,  so  as  to  fall  forward  and  admit  air 
into  the  room  as  by  a  Sheringham  valve. 

Ventilating  fire-places  have  an  air-chamber  at  the  back  of 
the  grate,  heated  by  the  fire.  Fresh  air  brought  by  a  pipe 
from  outside  is  warmed  in  the  hot  chamber,  and  then  passes 
into  the  room.  There  are  many  varieties,  among  which 
(ialton's  is  the  earliest  and  one  of  the  best.  Ventilating  stoves 
are  in  use,  the  fresh  air  entering  thi'ough  a  coiled  pipe  exposed 
to  the  heat  of  the  stove. 

Special  ventilators  (Fig.  7}  are  of  varied  types,  from  simple 
openings  through  the  wall  to  the  most  complex  arrangements. 
Perforated  bricks  cause  little  draught,  the  boles  being  conical 
with  the  wider  ends  inside,  so  that  the  air  stream  slackens  as  it 
passes  tbi-ough  the  wall,  and  is  diffused  upon  entering  the  room. 
Sheringham'' s  ventilator  is  a  small  vertical  flap  door  in  the  wall 
near  the  ceiling,  balanced  by  a  counterpoise  and  hinged  below 
so  as  to  fall  forward  towards  the  room  ;  it  is  cased  in  at  the 
sides  and  front  so  that  the  current  can  only  pass  upwards. 
Tobin's  ventilator  consists  of  a  large  upright  tube  rising  five 
feet  or  more  from  the  floor  ;  fresh  air  from  outside  passes  up 
this  tube  and  into  the  room.    Ventilating  cornices  are  made, 
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consisting  of  a  double  channel  of  perforated  metal,  cold  fresh 
air  being  brought  into  the  room  by  the  lower  channel,  and 
vitiated  air  being  received  into  the  upper  channel  and  carried 
to  the  chimney  or  other  outlet ;  another  plan  is  to  cany  a  per- 
forated inlet  tube  along  the  cornice  on  three  sides  of  the  room, 
and  a  similarly  perforated  outlet  tube  along  the  fourth  side. 
A  hollow  perforated  metal  beam,  interrupted  by  a  diaphragm 


°  1 


■ 
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Fig.  7.— Ventilators. 

A  A,  Tobin's  ;  B  n,  McKinnell's  ;  c  c,  simple  ventilating  shaft,  with  cap;  1 
D  1),  Sheringhara'8  (.acting  as  inlet) ;  b  b,  Shevinghara's  (acting  aa  outlet). 


at  the  centre,  may  be  taken  across  the  room,  one-half  serving  as 
an  inlet  and  the  other  as  an  outlet,  according  to  the  direction 
of  the  wind.  McKinneW s  ventilator  consists  of  a  larger  outer 
and  a  smaller  inner  tube,  carried  upwards  through  the  ceiling ; 
fresh  air  passes  in  between  the  tubes,  and  is  dispersed  on 
(!ntering  the  room  by  a  horizontal  flange  upon  the  inner  tube  ; 
the  inner  tube,  which  is  equal  in  sectional  area  to  the  inlet,  and 
projects  beyond  the  other  both  above  and  below,  carries  oft- 
impure  air.  Another  device  is  a  vertical  shaft  divided  longi- 
tudinally into  two  or  four  separate  channels,  along  which 
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currents  in  opposite  directions  will  always  establish  themselves. 
Workrooms  may  be  ventilated  by  means  of  a  perforated  ceiling 
of  zinc  or  paper,  over  which  is  a  chamber  open  to  the  outer  air 
on  every  side.  An  open-tiled  roof,  or  one  not  underdrawn, 
allows  ranch  ventilation. 

Some  of  the  preceding  are  intended  to  act  as  inlets,  but  all 
are  Liable  to  become  outlets.  Other  kinds  of  ventilators  are, 
like  chimneys,  designed  as  outlets  only.  An  opening  may  be 
made  from  the  room  into  the  chimney  near  the  ceiling,  reflux 
of  smoke  being  prevented  by  a  number  of  little  valves  of  mica 
(Boyle's  valves)  which,  in  the  absence  of  up-current,  close  by 
their  own  weight,  owing  to  the  forward  tilt  of  the  latticed 
framework  to  .which  they  are  attached.  Ventilating  gas-lights 
are  made,  in  which  the  products  of  combustion  are  collected  by 
means  of  a  bell  cover  or  glass  globe,  and  conve3'ed  away  by  a 
tube ;  this  tube  can  be  surrounded  by  a  larger  one,  and  the 
heated  space  between  the  two  made  to  act  as  a  further  extrac- 
tion shaft,  A  similar  use  may  be  made  of  chimneys,  the  smoke 
being  contained  in  a  central  metal  tube,  leaving  a  heated  air- 
space all  around  it,  which  serves  for  extraction.  Or  outlet 
pipes  from  the  higher  part  of  the  room  may  be  carried  upwards 
for  some  distance  in  or  close  to  the  chimney  so  as  to  utilise  its 
heat  in  promoting  an  up-current.  Extraction  tubes  may  of 
course  be  carried  from  anj"-  part  of  the  room,  with  or  without 
taking  advantage  of  these  various  convenient  sources  of  heat, 
and  they  may  be  provided  with  cowls. 

The  size  of  openings  required  for  the  efficient  ventilation  of 
an  occupied  room  under  average  conditions  is  about  48  square 
inches  per  head,  namely,  24  as  inlet  and  24  as  outlet,  but, 
according  to  Parkes,  no  single  inlet  should  exceed  60  and  no 
outlet  144  square  inches. 

Supplies  of  fresli  air  should  be  taken  from  suitable 
points  free  from  risk  of  contamination,  and,  if  neces- 
sary, the  air  may  be  screened  through  metal  gratings, 
canvas,  cotton  wool,  he.  It  may  be  washed  by  passing 
it  through  spray  or  a  film  of  water,  or  by  being  made  to 

'  impinge  upon  a  tray  containing  water,  and  it  may  be 
warmed  by  means  of  ventilating  fire-places  or  stoves, 

-  or  by  coils  of  hot- water  or  steam  tubes  at  the  inlet.  If 
warmed,  thei'e  is  advantage  in  introducing  fresh  air 
at  or  near  the  floor  level ;  but  if  cold,  it  is  necessary 
to  avoid  draughts  which  might  impinge  upon  any 
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person  in  the  room,  and  therefore  the  air  is  delivered 
at  a  higher  level  and  with  an  upward  direction. 

Outlets  should  be  as  near  the  chimney  as  possible  ; 
the  air  in  that  part  is  the  warmest,  as  well  as  the  most 
impure,  so  that  the  worst  air  is  removed  with  the 
maximum  velocitv. 

V 

Any  ■barometric  j)rcssure  P  may  be  regarded  as  produced  by 
the  weight  of  a  column  of  air  of  imif(yrm  density  and  of  height  H. 
"  Montgolfier's  Rule"  affirms  that  air  under  pressure  will  rush 
into  a  vacuiun  with  a  velocity  equal  to  that  acquired  by  a  body 
falling  from  the  corresponding  height  H,  which  velocity  may 
be  determined  by  the  formula  Vo  =  2^rH,  g  being  the  acceler- 
ation due  to  gravity  (32-18  feet  per  second),  and  V  the  velocity 
required.  Thus  under  standard  conditions  of  barometer  and 
thermometer  H  is  about  5  miles,  or  26,400  feet,  so  that  V<,  =  2 
X  32-18  X  26,400,  and  V  =  about  1,300  feet  per  second. 

If,  however,  the  air  under  pressure  P  passes  not  into  a 
vacuum  but  into  space  containing  air  under  a  low  pressure  p, 
the  formula  requires  modification,  the  velocity  being  dependent 
upon  the  difference  between  P  and  2>-  It  becomes  necessary  to 
calculate  the  height  h  of  a  imiform  column  of  air  (of  the  same 
standard  of  density  as  was  adopted  in  determining  H),  which 
would  give  the  pressure  p. 

The  formula  then  becomes  Vg  =  2g  (H-7i),  and  in  this  form 
it  is  applicable  to  problems  of  ventilation. 

For  example,  it  may  be  required  to  determine  the 
theoretical  velocity  of  updraught  in  a  vertical*  flue  x  feet  long, 
leading  from  a  room  containing  air  at  a  temperature  f  into  the 
open  air  of  lower  temperature  T°.  An  inlet  for  cold  air  is 
presupposed.  The  column  of  heated  air  in  the  flue  may  be 
regarded  as  balanced  against  an  equally  high  column  of  cold 
air  outside  in  a  sort  of  U  -tube  ;  and  as  yielding  to  the  greater 
weight  of  the  colder  and  less  rarefied  column,  and  the  (unequat) 
weights  of  these  two  columns  correspond  to  P  and  p.  The 
barometric  pressure  at  the  level  of  the  top  of  the  flue  may  be 
neglected,  since  it  affects  both  columns  alike.  Then  taking 
the  density  of  the  outside  air  as  the  standard,  the  height  x  may 
be  put  for  H  in  the  formula,  and  it  only  remains  to  determine 
/i,  the  height  of  the  heated  column  when  reduced  to  the  same* 
standard  density.    Air  expands  with  heat  to  the  extent  of  ■002'" 

*  The  vertical  height  only  must  be  taken,  even  if  the  course  of 
the  flue  is  oblique  or  bent. 
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of  its  volume  for  each  degiee  Fahr.,*  and  hence  1  volume  at 
T°  becomes,  at  t\  1  +  '002  (C-T),  so  that  the  column  of  hot  air 

of  height  X  at  f  corresponds  to  a  height  x  y.  ^  +  -002  {t  —  'Y) 
at  the  standard  temperature  T.  This,  then,  is  the  value  of  h,  and 

—        x-x  y.  ~  \ 

V  1  + -002  (<-T)/- 

Since  i^lg  is  approximately  8-0,  the  formula  may  conveniently 
be  written. 


=  8  ^J^-^ 


+  -002  {t-  T) 

If,  as  an  example,  the  external  and  internal  temperatui-es  arf 
respectively  40"  F.  and  60°  F.,  and  the  height  of  the  flue  20 
feet, 


-8  ^20-  ^ 


20 


+  -002  (60-40) 

Hence  the  theoretical  velocity  of  draught  is  7"1  feet  per  second, 
and  this  multiplied  by  the  sectional  area  of  the  flue  gives  the 
number  of  cubic  feet  discharged  per  second. 

The  theoretical  velocity  is  subject  to  correction  for  friction, 
which  varies  directly  as  the  length  of  the  tube  L  and  the 
square  of  the  velocity,  and  inversely  as  the  diameter  D,  that  is 

V.,L 

as— .    In  practice  an  allowance  of  \,  or  even  J,  has  to  be 

made  for  friction,  which  is  also  increased  by  angles  in  the 
course  of  the  flue. 

The  following  formula  by  De  Chaumont  is  convenient  for 
ascertaining  the  relation  between  the  size  of  the  opening  and 
the  hourly  delivery  of  air  : — 

D  =r  200  X  *  X  v^-ObT  X     x  -~T), 
where  D  =  delivery  of  air,  in  cubic  feet  per  hour-, 

*  =  the  sectional  area  of  the  tube,  or  of  the  inlet  or 

outlet,  in  square  inches, 
X  —  height  of  heated  column  of  air,  in  feet, 
t  and  T  =  the  internal  and  external  temperatures  re- 
spectivelj'. 

Thus,  if  the  heated  column  be  20  feet  in  height,  the  internal 
and  external  temperatures  60^  F.  and  40°  F.,  and  the  required 

*  Strictly  speaking,  this  is  accurate  only  when  T=32"  F.,  but 
the  error  is  immaterial  for  the  present  purpose. 
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delivery  6,000  feet  per  hour,  the  formula  will  give  the  sectional 
area  necessary :  — 

6000  =  200  y-002  X  20  X  (60  -  40)"; 
<^  —  33-56  square  inches. 
The  linear  velocity  with  which  air  passes  through  an 
opening:  may  also  be  determined  experimentally  by  an 
anemomeler,  which  should  be  placed,  not  at  the  centre,  but 
about  f  of  the  diameter  from  the  side  of  the  opening,  so  as 
to  obtain  the  mean  velocitj'.  Very  delicate  anemometers  are 
made,  consisting  of  four  light  metal  vanes  mounted  obliquely 
upon  a  common  axis,  the  revolutions  of  which  are  indicated 
automatically  upon  dials.  The  registering  apparatus  can  be 
thrown  in  or  out  of  gear  by  a  spring  catch  while  the  vanes  are 
revolving,  so  that  the  time  can  be  determined  accurately.  The 
linear  movement  observed  during  one  minute,  or  less,  is  readily 
converted  into  velocity  per  hour  or  second,  and  this,  multiplied 
by  the  sectional  area  of  the  opening,  gives  the  cubic  disch  irge. 

Artificial  ventilation  involves  either  propul- 
sion or  extraction  of  air,  the  establishment  of  a  'plenum 
or  vacuum  in  the  room  to  be  ventilated.  Fresh  air 
may  be  driven  into  a  room  or  building  by  revolving 
fans  or  other  motors ;  vitiated  air  may  be  extracted  by 
means  of  fans,  steam  jets,  or  a  heated  outlet  shaft. 
The  fans  used  for  the  purpose  have  vanes  set  obliquely 
upon  a  rapidly  revolving  axis,  and  work  in  a  closed 
box  or  tube  so  as  to  propel  a  constant  current  of  air 
of  any  required  volume  and  velocity,  somewhat  after 
the  manner  of  an  Archimedean  screw.  Steam  allowed 
to  escape  in  a  powerful  jet  into  a  flue  is  capable  of 
canying  with  it  200  times  its  own  volume  of  air.  Gas 
burnt  at  the  foot  of  an  extraction  shaft  may  be  made 
to  carry  off  a  thousand  times  its  own  volume  of  air. 

Heat  is  by  far  the  most  generally  employed  motive 
power.  Ordinary  fire-places,  chimneys,  and  venti- 
lating gas-lights  act  in  this  way.  Special  extraction 
shafts,  with  gas  jets  or  furnaces  at  the  bottom,  are 
common.  Mines  are  ventilated  by  means  of  a  furnace 
at  the  foot  of  the  upcast  shaft,  air  being  drawn  down 
another  shaft  and  made  to  traverse  the  whole  of  the 
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workings  on  its  way  to  the  upcast,  A  similar  plan 
is  adopted  in  steamers,  the  upcast  being  a  s})ace 
around  the  funnel  and  boilers,  a  contrivance  which 
has  been  applied  also  to  house  chimneys  by  confining 
the  smoke,  etc.,  to  an  iron  tube  passing  up  in  the 
centre  of  the  chimney  shaft.  Extraction  is  necessary 
where  dust  and  fumes  have  to  be  drawn  away  at  the 
point,  of  origin,  but  is  attended  with  some  disadvantage 
from  the  difficulty  of  controlling  the  sources  from 
which  the  supplies  of  fresh  air  are  drawn,  since  it 
rushes  in  through  all  available  openings.  Provision 
may,  however,  be  made  at  suitable  points  for  free 
admission  of  pure  air,  which  may  be  Avarmed,  cooled, 
moistened,  washed,  or  screened  as  it  entei'S.  When 
propulsion  is  adopted,  the  air  is  taken  from  one 
source  only,  and,  being  more  under  control,  is  more 
readily  subjected  to  such  heating  or  other  treatment 
as  may  be  needed. 

The  advantages  of  artificial  ventilation  are  its 
constancy  under  all  conditions  and  the  facilities  which 
it  aftbi'ds  for  regulating  the  source  and  amount  of 
fresh  air,  and  the  preparatory  treatment  as  to  tem- 
perature, moisture,  and  purification.  Natural  venti- 
lation is,  of  course,  less  costly,  but  is  inconveniently 
subject  to  atmospheric  conditions,  and  i.s  inadequate 
for  theatres,  factories,  schools,  and  other  large  build- 
ings. The  following  averages  are  based  upon  a 
number  of  observations  (18  to  39)  in  schools  by 
Carnelley,  Haldane,  and  Anderson. 


Per  cent,  of  windows  open 
Cubic:  feet  of  air  space,  per  head 
Temperature  .... 
Carbonic  acid  (per  1,000  vols.) 
Organic  matter  (vols,  of  oxygen  re 
quired  per  million  vols,  of  air) 
Microbes  (per  litre.)  . 


Natural 

Mechanical 

Ventilation. 

Ventilation. 

22 

3 

108 

164 

5.0 F. 

1)2'='  F. 

18-6 

12-3 

lG-2 

10-1 

1,52 

16-6 
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The  difference  is  still  more  striking  if  only  the 
excess  over  the  impurities  pi-esent  in  outside  air  is 
taken  into  consideration.  It  was  found  that  mechanical 
ventilation  kept  the  composition  of  the  air  fairly  con- 
stant in  all  parts  of  the  room,  while  natural  ventilation 
often  allowed  of  local  stagnation. 

In  an  ordinary  room  the  chimney  is  the  most 
important  outlet  when  a  fire  is  burning,  air  passing  up 
with  an  average  velocity  of  4  or  5  feet  per  second. 
In  the  absence  of  a  fire  the  chimney  still  acts  in  some 
degree  as  an  upcast,  and  ought  on  no  account  to  be 
closed,  unless  a  downward  current  establishes  itself 
temporarily,  and  causes  annoyance  by  its  sooty  smell. 

Warming:  is  closely  connected  with  ventilation. 
The  principal  methods  in  use  may  be  classed  as  open 
fires,  closed  fires  and  stoves,  hot  air,  and  pipes  con- 
taining hot  water  or  steam.  Some  of  these  heat  the 
room  by  radiation,  warming  the  surfaces  while  leaving 
the  air  in  it  cool ;  some  by  convection,  warming  the 
air  of  the  room  and  thus  making  it  drier  ;  some  in 
both  ways.  Again,  some  {e.g.  open  fires)  carry  off 
large  volumes  of  air  besides  their  own  products  of 
combustion ;  some  {e.g.  gas  or  other  stoves)  only 
little  ;  some  (hot  pipes)  none  at  all ;  while  others,  and 
especially  fender  stoves,  do  not  ventilate  but  add  to 
the  impurity  of  the  air. 

Ordinary  open  fires  are  extravagant  in  regard 
to  fuel,  and  it  is  estimated  that  only  about  one-eighth 
jjart  of  the  potential  heat  is  utilised  in  warming  the 
room,  the  rest  being  lost  in  unconsumed  smoke  and 
cinder,  and  in  the  hot  gases  passing  up  the  chimney. 
The  heating  effect  is  very  unequal  in  different  parts  of 
the  room,  being  chiefly  confined  to  the  vicinity  of  the 
grate,  and  cold  currents  pass  along  the  floor.  They 
are,  however,  most  effective  ventilators,  and  present  a 
more  cheerful  appeai-ance  than  stoves  or  hot  pipes. 

The  principal  practical  points  in  regard  to  the 
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construction  of  open  fire  grates  are  summarised 
by  Teale  as  follows: — (1)  use  as  much  firebrick  and 
as  little  iron  as  possitjlo ;  (2)  the  back  and  sides 
should  be  made  of  firebrick  ;  (3)  the  back  of  the  fire- 
place should  lean  over  the  fire,  the  "  throat "  of  the 
chimney  should  be  contracted  ;  (4)  the  bottom  of  the 
fire  should  be  deep  from  before  back  ;  (5)  the  slits  in 
the  bottom  grating  should  be  narrow;  (6)  the  bars  in 
front  should  be  narrow';  (7)  the  space  beneath  the 
fire  should  be  closed  in  front  by  a  close-fitting 
iron  shield,  or  "  economiser,"  thus  excluding  cold  air 
almost  completely  from  the  bottom  of  the  fire,  so  that 
the  fuel  as  it  sinks  is  entirely  burnt  up,  leaving 
only  a  fine  ash,  which  drops  into  the  space  beneath. 
Another  means  of  preventing  waste  of  fuel  is  to 
make  the  bottom  of  the  grate  of  solid  fire-clay,  as 
in  the  various  "  slow  combustion  "  grates ;  and  the  same 
principle  may  be  applied  to  ordinary  grates  by  laying 
an  iron  plate  upon  the  bars  at  the  bottom  of  the 
grate. 

Coke  is  the  residue,  consisting  almost  entirely 
of  carbon  and  mineral  ash,  left  in  the  retorts  when 
all  the  combustible  gases  have  been  driven  oflF  by 
heat  in  the  process  of  gas-making.  It  is  smokeless 
and  less  costly  than  coal,  but  it  is  difficult  to  light, 
and  makes  a  dull  fire.  The  prevention  of  smoke,  and 
the  complete  utilisation  of  the  gases  and  other  products 
obtainable  from  coal  by  distillation,  are  important 
public  advantages. 

Cra.s-lires  have  much  of  the  bright  and  attractive 
appearance  of  open  fires.  The  gas  is  mingled  with  a  con- 
siderable volume  of  air  before  ignition,  as  in  a  Bunsen 
burner,  and  the  intensely  hot  but  non-luminous  flame 
impinges  upon  pieces  of  asbestos  or  iron,  which  become 
red  or  white-hot,  giving  out  light  and  heat.  Simpler 
forms  are  also  made  with  ordinary  luminous  burners, 
the  light  and  heat  from  which  are  thrown  forward  by 
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metal  reflectors ;  oil-stoves  are  made  on  the  same 
principle.  In  any  case  an  adequate  flue  to  carry  off 
the  fumes  is  essential.*'  A  gas-tire  burns  from  ten  to 
twenty,  or  more,  cubic  feet  per  hour.  It  is  economical 
and  cleanly  in  iise,  creates  no  smoke,  and  can  be 
lighted,  extinguished,  or  regulated  in  a  moment. 
Ventilating  gas-stoves  are  made,  but  the  ordinary 
gas-tire,  unless  it  be  composed  of  incandescent  frag- 
ments of  asbestos  in  an  open  grate,  is  less  effectual 
tha.n  an  open  fire  in  promoting  ventilation.  If  the  flue 
is  too  small,  as  is  very  often  the  case,  the  air  becomes 
dry  and  oppressive,  and  there  is  risk  of  carbonic 
oxide  escaping. 

Stoves  for  coal  and  coke,  as  used  in  England, 
are  commonly  made  of  cast  iron,  the  smoke  and 
products  of  combustion  being  conducted  by  an  iron 
flue  to  the  chimney,  or  to  the  outside  air.  The 
tire  may  be  more  or  less  open,  or  hidden  from  sight, 
but  in  any  case  the.  waste  of  heat  is  less  than  in 
ordinary  fire-places,  the  sides  of  the  stove  and  also  the 
flue  contributing  to  the  heating  j)Ower.  As  a  means 
of  extraction  of  vitiated  air  a  stove  is  inferior  to  the 
ordinary  open  fire,  although  there  is  no  difficulty 
in  utilising  the  hot  flue  for  the  purpose  of  pro- 
ducing an  up-current  in  a  chimney.  There  are  also 
many  forms  of  ventilating  stoves,  fresh  air  being 
brought  in  through  special  pipes,  which  in  their 
course  are  exposed  to  the  heat  of  the  stove  ;  in  the 
"  Calorigen "  a  coil  of  the  fresh  air  inlet  pipe  is 
placed  inside  the  stove.  Stoves  tend  to  make  the 
air  hot  and  dry,  an  objection  which  may  be  met  by 
placing  vessels  of  water  upon  them.  A  more  serious 
difficulty  is  a  burnt  smell  which  is  apt  to  result  from 
their  use,  and  a  tendency  to  give  otf'  carbonic  oxide, 

*  The  cousuin])tion  of  gas  is  relatively  large  ami  not  liinittd  to  liours 
of  darkness.  Besides  COo,  sulphur  acids  and  traces  of  carbonic  oxide  are 
given  off.  The  condensation  of  fumes,  which  is  claimed  for  some  gas 
stoves,  is  at  test  only  partial. 
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the  source  of  which  is  a  matter  of  some  doubt.  It 
has  been  attributed  to  oxidation  of  the  organic  matter 
in  the  air  by  contact  with  the  heated  iron,  this  being 
also  assigned  as  the  cause  of  the  burnt  smelL  Oxida- 
tion of  the  carbon  in  the  cast  iron  is  another  suggested 
explanation,  and  it  has  been  found  experimentally 
that  red-hot  cast  iron  is  pervious  to  carbonic  oxide, 
and  even  reduces  carbonic  acid  to  carbonic  oxide,  so 
that  the  gas  found  in  the  room  may  originate  in  the 
fire  itself.  Wrought  iron  offers  far  greater  resistance. 
The  joints,  both  of  the  stove  and  the  flue,  should  be 
made  strong  and  air-tight,  and  in  oxxler  to  minimise 
the  risk  of  giving  off  carbonic  oxide,  it  is  desirable  to 
line  the  stove  with  fire-clay,  to  coat  it  with  silicate, 
or  to  use  earthenware  or  wrought  iron  in  place  of 
cast  iron.  Stoves  can  only  be  approved  from  a 
sanitary  point  of  view  if  they  (a)  are  provided  with 
proper  chimneys  ;  (6)  are  of  such  a  pattern  that  they 
cannot  become  red-hot,  or  otherwise  contaminate  the 
air ;  and  (c)  are  supplied  with  fresh  air  directly  from 
the  outside. 

Hot  air  is  advocated  by  some  authorities  as  the 
best  mode  of  warming  houses,  as  well  as  public 
buildings.  This  may  be  done  upon  the  large  scale  by 
warming  the  fresh  air  in  the  basement,  and  conveying 
it  thence  to  all  parts  of  the  house  along  the  passages 
or  by  special  channels.  The  same  end  is  attained  in 
some  degree  by  placing  a  stove  or  fire-place  in  the  hall. 
Warm  air  may  be  supplied  to  single  rooms  by  the 
ventilating  grates  or  stoves  already  referred  to,  or  by 
allowing  the  fresh  air  to  enter  through  a  coil  of  hot 
pipes.  The  air  can  be  moistened  and,  if  need  be, 
purified  by  filtration  or  washing.  Warming  can  also 
be  effected  by  means  of  hot  water  or  steam 
circulating  in  a  system  of  closed  pipes.  The  pipes 
may  be  carried  round  one  or  moi'c  sides  of  a  room, 
near  the  floor,  either  open  or  concealed  behind  a 
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skirting-board.  Several  turns  or  coils  may  be  used 
at  points  whei'e  more  heating  power  is  required,  and 
it  is  convenient  to  warm  the  fresh  air  at  the  inlets  by 
the  same  means. 

Hot  water  is  usually  employed  for  heating  pur- 
poses at  a  temperature  below  212^  Fahr.  The  circula- 
tion is  dependent  upon  the  water  being  hotter,  and 
therefore  lighter,  in  the  tube  through  which  it  leaves 
the  boiler  than  in  that  which  brings  it  back.  Hence 
the  boiler  is  placed  at  the  lowest  point,  and  the  centri- 
fugal and  centi'ipetal  pipes  are  respectively  connected 
with  the  top  and  bottom  of  the  boiler.  A  feeding 
cistern,  and  vents  for  the  escape  of  air  and  steam,  are 
provided  at  the  highest  point.  About  twelve  feet  of 
lour-inch  iron  pipe  are  allowed  for  every  thousand 
cubic  feet  of  air-space  to  be  warmed.  The  system 
should  be  so  planned  with  valves  and  connecting 
pipes  as  to  allow  of  "  short-circuiting,"  so  that  the 
heat  may  be  turned  on  or  cut  off  from  any  part  at  will. 

Hot  water  may  also  be  used  under  pressure  at 
temperatures  considerably  exceeding  212°  Fahr.,  on 
Perkins'  system.  Strong  half-inch  iron  pipes  are  used, 
and,  instead  of  a  boiler,  part  of  the  pipe  is  carried 
through  the  fire.  Steam  may  be  used  at  high  or  low 
pressure  in  like  manner. 

Inspection  ol'lioiises. — The  following  schedule 
includes  the  principal  points  that  may  require 
attention.  The  headings  are  numerous,  but  are 
meant  to  be  chiefly  suggestive,  so  that  no  import- 
ant detail  may  be  overlooked.  A  very  few  notes  will 
often  suffice  in  practice.  As  in  all  other  investiga- 
tions, it  is  wise  to  make  explicit  written  notes  on  the 
spot,  and  to  insert  negative  as  well  as  positive  results 
of  inspection. 

Address. 
Occupier. 

Oivnc/'.— -Name  and  address. 
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mic, — Elevation,  aspect,  slope.  Proximity  to  hills,  valleys, 
watercourses.    Nature  of  soil.  Dryness. 

Smrotmclings. — IIousc  detached,  semi-detached,  in  a  row> 
back  to  hack.  Access  of  light  and  air.  Obstruction  by 
trees,  high  grounds,  or  other  buildings.  Open  space  at 
front,  back,  sides  [stating  area].  Proximity  [stating 
distance  in  feet]  of  stables,  cow-sheds,  pig-styes,  manure 
heaps,  foul  ditches,  stagnant  water,  offensive  accumula- 
tion, offensive  trades,  or  other  sources  of  effluvia. 

Yard  and  outhiiildwgs. — Condition  as  to  cleanliness,  paving, 
drainage,  area,  closets,  workshops. 

Fonndations. — Damp-proof  course,  dry  area,  banking  of  soil 
against  walls.  Dryness  of  basement.  Exclusion  of 
ground  air.    Ventilation  of  space  beneath  ground  floor. 

TFalh. — Materials,  thickness.  Party  walls  carried  up  to  roof  ? 
Dilapidations.  Evidence  of  damp  at  any  part;  pro- 
bable source  of  such  damjD. 

Eoof. — Construction.  Soundness. 

Floors,  staircases,  ivindows,  doors,  ceilings. — Soundness. 

Rooms.- — Number  on  each  stoi-ey,  including  basement. 
Length,  breadth,  and  height. 

Windows.    Total  window-space.    Space  made  j    »  , 
to  open.    Opening  top  and  bottom  ?  )■  °*  ^^'l 

Other  means  of  ventilation.     Maintenance  of  | 
ventilation.    Chimney  ) 
Seating,  arrangements, — Grates,  stoves,  flues.     Hot  water  or 

steam  system.    Boilers,  bath  geysers. 
Drainage — 


Sink  wastes 
Bath  wastes 
Lavatory  wastes 
Floor  gullies 


Constniction  and  course  of  waste- 
pipes. 

Description  and  efliciency  of  traps. 
Disconnection. 
Soil-pipes.    Construction,  dimensions,  position,  course, 

A-entilatioti. 
Gullies.    Construction  and  trapping. 
Guttel's  around  eaves.  EfiSciency. 

Eain-pipes.  Course,  trapping,  disconnection,  destination. 

Leakage  ? 

House  drains.    Course,  constiuction,  dimensions,  grad- 


*  As  regards  sleeping-rooms  -in  basement,  or  "  underground  rooms," 
certtain  further  details  are  necessai  y,  namely,  depth  of  floor  below  level  of 
adjoining  street;  height  of  room;  heiuht  of  ceiling  al)0ve  footpath  or 
nearest  gronnd  adjoining ;  ■width,  depth,  and  lateral  extent  of  area  in 
front ;  depth  of  drain  below  floor  ;  position  of  window  in  respect  to  steps 
(if  any)  bridging  across  open  area;  the  conditions  as  to  letting  and 
occupancy. 


Chap.  VI.] 


House  Inspection. 


301 


ients,  ventilation,  moans  of  access|(inspection  chamber), 
disconnection  from  sower  (interceptor).  Fliisliing, 
cleanliness.    Soundness,  as  tested  by  smoke,  chemical 
test,  or  water.    Drains  under  basement. 
Cesspool  (if  any). — Position,  construction,  dimensions, 
ventilation,  overflow,  watertight. 
Sanitary  Conveniences. — Number,  position,  cleanliness,  light- 
ing, ventilation.      If  outdoor,  note  distance  from 
nearest  door  or  window.    If  more  than  one  house 
using  same  closet,   note  the  number.    State  also 
number  of  occupants. 
W.C.,  trough-closet,  slop-closet,  hand-flushed  closet. 
Kind  of  apparatus,  eSiciencj^  source  of  water-supply, 
sufficiency  of  flush. 
Pail-,  pan-,  tub-,  or  box-closet.     Size  of  receptacle, 
material,  floor-level,  means  of  access,  with  or  without 
ashes  or  other  admixture. 
Privy-midden,  privy  with  cesspit,  earth-closet.  Dimen- 
sions of  receptacle,  relation  oiE  floor  to  ground-level, 
materials,  watertight,  covered,  arrangement  for  apply- 
ing ashes  or  earth  to  excreta.   Connected  with  sewer  ? 
Household  refuse. — Means  of  storage.  Position. 
Scavenging.  — Mode,  frequency,  and  efiiciency  of  removal  of 
excreta  and  household  refuse.    By  whom  performed. 
Water  supply. — Public  or  private,  from  mains  (by  tap  or 
stand-pipe),  sj)ring,  stream,  canal,  dip-trough,  well, 
rain-water  cistern ;  distance  from  house,  constancy, 
sufficiency,  purity.    Note  any  obvious  risk  of  poUu- 
tion.    If  from  well,  note  depth,  construction,  lining, 
cover ;  distance  in  feet  of  nearest  possible  source  of 
pollution,  or  filth  accumulation  of  any  kind.    If  from 
cistern,  note  position,  construction,  cover,  cleanliness, 
connection  with  W.C.,  discharge  of  overflow  pipe. 
Cleanliness  of  premises. — Light.    Ventilation.  Cleanliness. 
Animals  kept. — Description.   Number.   "Where  kept.  Nuis- 
ance resulting. 

Inmates. — Number  of  residents.  Age,  sex,  occupation  of 
each.  Number  of  families ;  distinguishing  tenement 
occupied  by  each. 

Number  sleeping  in  each  room,  if  there  is  suspicion  of 
overcrowding.    Number  sleepiag  in  basement. 

Houses  vary  as  to  need  for  inspection  according  to 
class  and  kind.  Private  houses  occupied  by  one 
family  presumably  belong  to  persons  of  such  social 
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position  and  habits  that  the  house  requires  but  little 
enforcement  of  sanitation.  Houses  let  in  lodf/inr/K,  or 
tenement  houses,  on  the  contraiy,  re(juire  a  good  deal 
of  supervision.  Houses  of  this  nature  are  such  as  are 
let  out  to  .separate  families,  living  each  in  a  separate 
occupancy  of  one  or  more  rooms.  There  is  no 
common  kitchen  or  common  dormitory.  Houses  let 
in  lodgings  are  usually  placed  under  special  bye-laM-s 
under  which  they  are  registered,  and  controlled  in 
respect  of  occupancy,  overcrowding,  sanitation,  peri- 
odical cleansing,  etc.  Not  unfrequently  these  houses 
were  built  for  use  as  private  dwellings,  and  have 
become  sublet  without  structural  alteration.  Under 
the  Customs  and  Inland  Eevenue  Act  of  1890  the 
landlord  of  tenement  dwellings  let  at  rents  not 
exceeding  7s.  6d.  per  week  may  be  exempted  from 
inhabited  house  duty  if  the  medical  officer  of  health 
of  the  district  certifies  the  house  as  sanitarily  lit  for 
the  purposes  to  which  it  is  put.  By  that  Act,  and 
by  bye-laws  for  houses  let  in  lodgings,  a  certain 
amount  of  control  is  exercised. 

Common  lodging  houses  are  lodging  houses  pure 
and  simple,  with  living-room,  kitchen  and  dormitory, 
open  to  use  by  all  the  lodgers,  who  are  not  members 
of  the  same  family,  but  are  isolated  persons,  finding 
it  convenient  to  lodge  together.  Artisans'  dioeliings, 
such  as  those  under  the  Guinness  Trust,  the  Peabodj 
Trust,  etc.,  are  blocks  of  "model"  dwelling.s,  ■  not 
different  in  principle  from,  but  better  in  equipment 
than  houses  let  in  lodgings.  Stable  divellings  ai-e  tene- 
ments over  stables  in  "mews."  They  are  objection- 
able, owing  to  the  occurrence  of  effluAda  arising  from 
stables,  manure,  etc.,  and  they  generally  have  other 
defects.  Underground  divellings  are  tenements 
limited  to  basement  rooms,  the  ceiling  of  which  is  not 
higher  than  the  level  of  the  street. 
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SCHOOLS  AND  SCHOOL  HYGIENE 

The  general  principles  as  to  site,  surroundings,  con- 
struction, and  drainage  are,  of  course,  the  same  for 
schools  as  for  most  other  buildings. 

Dimensions. — The  Board  of  Education  recom- 
mend that  no  school  should  ordinarily  be  built  to 
accommodate  more  than  1,000  to  1,200  children,  in 
three  departments,  and  no  single  department  to 
accommodate  more  than  400  children.  For  depart- 
ments of  this  size  the  most  suitable  plan  is  that  of  a 
central  hall  (3^-4  ft.  floor  space  per  scholar)  with 
(about  7)  class-rooms  grouped  round  it.  Smaller 
departments  may  have  class-rooms  opening  from  a 
corridor.  For  small  schools  a  large  room  with  one  or 
more  class-rooms  will  be  sufficient.  There  shoiild 
always  be  at  least  one  class-room,  in  addition  to  the 
central  hall,  except  in  special  cases. 

Where  the  site  is  sufficiently  large,  open  and 
fairly  level,  the  most  economical  plan  is  that  of  a 
school  on  the  ground  floor,  and  this  is  preferable  for 
educational  reasons.  In  any  case  a  school  building 
should,  preferably,  not  be  on  more  than  two  floors. 

For  older  scholars  the  Board  of  Education  pre- 
scribe a  minimum  of  10  sq.  ft.  floor  space  per  scholar. 
For  infants  9  sq.  feet,  luiless  there  is  no  corridor 
or  central  hall,  in  which  case  more  than  9  sq.  ft.  is 
required.  The  Board  has  fixed  a  standard  for 
higher  elementary  schools  of  15  sq.  ft.  per  scholar 
if  single  desks  be  used,  and  12  sq.  ft.  for  dual  desks, 
and  for  secondary  and  "special  "  schools  18  sq.  ft. 

L<ig:liting. — Every  part  and  corner  of  a  school 
should  be  well  lighted,  and,  as  far  as  possible,  from 
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the  left  side  of  the  scholars  ;  all  other  windows  in 
class-rooms  should  be  regarded  as  supphiiiientary  or 
for  v(!iitilation.  Where  left  light  is  impossible,  right 
light  is  next  best ;  direct  front  light  is  in  no  circum- 
stances approved. 

Windows  should  never  be  provided  for  the  sake 
merely  of  external  effect.  All  kinds  of  glazing  which 
diminish  the  light  and  are  troublesome  to  keep  clean 
and  in  repair  must  be  avoided.  A  large  portion  of 
each  window  should  be  made  to  open  for  ventilation 
and  for  cleaning.  The  sills  of  the  main  lighting 
windows  should  be  not  more  than  4  feet  above  the 
floor ;  the  tops  of  the  windows  should  as  a  rule 
reach  nearly  to  the  ceiling ;  the  upper  portion  may  be 
made  to  swing.  The  oi'dinary  i-ules  respecting  hos- 
pitals should  here  be  remembered.  Large  spaces 
between  the  window  heads  and  ceiling  collect  foul  air. 

Skylights  are  objectionable  in  schoolrooms  or 
class-rooms.  They  may  be  allowed  in  central  halls 
having  ridge  or  apex  ventilation.  The  colouring  of 
the  walls,  ceilings,  and  fittings,  and  the  size  and 
position,  of  the  windows,  are  especially  important  in 
their  bearing  on  the  eyesight  of  the  children. 

IVatui-al  ventilation  is  rarely  sufficient  to 
maintain  the  jDurity  of  the  air  in  schools,  and  artificial 
means,  coupled,  when  necessary,  with  filtration,  warm- 
ing, and  moistening,  are  therefore  desirable  though 
not  always  attainable  in  practice.  Kerr  suggests  a 
limit  of  10  parts  of  CO^  per  10,000.  About  2,000 
cubic  feet  of  fi'esh  air  per  head  per  hour  is  required, 
and  it  should  enter  the  room  at  a  rate  not  exceeding 
5  feet  per  second.  This  is  best  obtained,  as  pointed 
out  by  Carnelley  and  Haldane,  by  using  large  low-pres- 
sure fans,  running  at  low  speeds.  It  is  also  desirable 
to  have  exhaust  as  well  as  plenum  fans,  so  that  the 
air  pressure  in  the  rooms  may  be  kept  low  and  short 
circuiting  avoided.    Whatever  method  of  ventilation 
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is  used,  the  design  should  be  such  as  to  allow  large 
volumes  of  air  to  pass  through  the  buildings  from  side 
to  side  when  the  windows  are  open.  The  window 
area  should  be  not  less  than  -^-^  of  the  floor  area  and 
nmy  with  advantage  be  \.  When  the  windows  are 
suitably  designed,  carried  to  the  ceiling,  easily  opened 
at  the  top,  and  intelligently  used  in  connection  with 
two  or  more  warm  outlet  flues  or  separate  air  chim- 
neys from  the  ceiling  and  floor  level  to  above  the  roof, 
and  there  are  also  large  oj^en  ventilating  fire-grates, 
stoves,  and  radiators,  by  which  warmed  fresh  air  is 
admitted,  class-rooms  can  be  both  warmed  and  venti- 
lated adequately  and  economically. 

It  is  well  that  windows  should  have  both  the  top 
and  bottom  panes  arranged  to  open  inwards  as 
hoppers.  Gratings  in  floors  should  not  be  provided. 
Besides  continuous  ventilation,  rooms  should  be 
flushed  with  fresh  air  as  often  as  possible. 

Wiii-iiiiiig'.  —  The  temperature  of  class-rooms 
should  be  about  56  to  60°  F,  Where  schools  are  wholly 
warmed  by  hot  water,  the  principle  of  direct  radia- 
tion is  recommended.  Stoves  are  only  approved  by 
the  Board  of  Education  when  provided  with  proper 
chimneys,  supplied  with  fresh  air  direct  from  out- 
side by  flues,  and  not  of  such  size  as  will  occupy  too 
much  floor  space,  or  of  such  material  as  will  get 
red  hot.  Open  fire-places  have  the  great  advantage 
of  assisting  ventilation  as  well  as  providing  heat. 
They  should  be  protected  by  fireguards.  A  ther- 
mometer should  hang  in  each  room. 

Desks. — The  edge  of  the  desk  should  be  verti- 
cally, or  nearly  so,  over  the  front  edge  of  the  seat,  and 
a)>out  the  height  of  the  scholar's  elbow.  The  seat 
should  be  at  least  9  inches  wide,  and  about  the  height 
of  the  knee.  The  desk  should  slope  (15°),  and  the  seat 
be  provided  with  a  back  :  it  is  desirable  to  provide  for 
a  little  horizontal  adjustment  of  either  the  seat  or  the 
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desk,  so  that  tlioy  iii;iy  be  slightly  separated  for  writ- 
ing, and  brought  together  for  reading.  If  a  bench 
is  used,  18  inches  should  be  allowed  to  each  pupil. 

A  simple  arrangement  contriving  the  advantages 
of  dual  desks  without  the  disadvantages  is  a  con- 
tinuous desk  of  half  a  dozen  places  with  single 
pedestal  chairs  (the  " Sheffield  System").  Many  schools 
in  the  north  of  England  are  now  fitted  with  this  kind 
of  desk.  It  is  supjiorted  on  two  plain  pedestals 
screwed  to  the  floor.  Each  seat  has  a  back,  and  stands 
on  a  single  pedestal.  The  advantages  are  that  the 
seats  are  isolated,  each,  child  is  accessible,  and  can 
stand  by  its  seat  in  its  place  for  drill,  etc.,  and 
schoolrooms  cannot  be  overcrowded  as  with  dual  seats 
or  forms.  Each  seat  occupies  about  1,000  square 
inches  of  space.  Cleaning  is  much  simplified  with 
these  seats  and  desks. 

Playground. — The  surfaces  of  the  playground 
should  be  smooth  without  being  slippery,  and  formed 
of  materials  such  as  asphalt  or  granolithic  cement, 
which  do  not  form  dust.  They  should  be  durable  and 
well  drained.  Some  authorities  recommend  tar-paving. 
Gravel,  cinder-ashes,  shingle,  and  loose  materials  are 
unsuitable.  A  certain  portion  should  be  covered-in 
for  use  in  wet  weather.  The  whole  playground  should 
be  open  to  the  sun,  and  the  school  site  should  be  of  a 
size  giving  at  least  a  quarter  of  an  acre  to  250  children, 
and  the  playground  at  least  30  square  feet  per  child. 

Cloak-rooms  other  than  passages  should  be  pro- 
vided where  damp  garments  can  be  dried.  Cloak  hooks 
should  be  fixed  1 2  inches  apart,  and  gangways  between 
rows  of  hooks  should  be  not  less  than  4  feet  wide. 

Cloak-rooms  should  be  amply  lighted  and  ven- 
tilated, with  separate  means  of  ingress  and  egress, 
and  should,  where  practicable,  contain  lavatory  basins. 

Haiiclicraft  classes,  etc.  —  AVhere  provision 
is  made  for  the  teaching  of  cookery,  laundry  work. 
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handicraft  or  similar  special  subjects,  the  Board  of 
Education  has  prescribed  conditions.  A  cookery  or 
laundry  school  should  accommodate  from  12  to  18 
pupils,  each  having  25  sq.  ft.  of  floor  space.  Special 
arrangements  must  be  made  for  ventilation,  sinks, 
ranges,  stoves,  etc.  The  temperature  should  not 
exceed  70°  F.  Class-rooms  for  handicraft  and  science 
work  should  have  30  to  35  sq.  ft.  of  floor  space  for 
each  scholar.  Such  schools  should  have  their  own 
lavatory  and  cloak-room  accommodation. 

Water  supply. — All  schools  should  be  provided 
with  an  adequate  supply  of  wholesome  drinking  water. 
If  such  supply  cannot  be  obtained  from  the  public 
mains,  care  must  be  taken  to  ascertain  that  the  supply 
proposed  is  adequate,  is  of  suitable  character,  and  is 
not  liable  to  pollution. 

The  pipes  should  be  so  laid  as  to  be  protected  from 
frost,  and  so  that  in  the  event  of  their  becoming 
unsound  the  water  will  not  be  liable  to  become 
fouled,  or  to  escape  without  observation.  There 
should  be  no  direct  communication  between  any  pipe 
or  cistern  from  which  water  is  drawn  for  domestic 
purposes,  and  any  water-closet  or  urinal. 

All  water-closets  and  urinals  should  be  provided 
with  pi'oper  service  cisterns,  affording  adequate  flush. 
Any  cistern  should  be  watertight,  covered  and  venti- 
lated, and  so  placed  that  the  interior  may  be  readily 
inspected  and  cleansed. 

Closets. — Separate  closets  are  required  for  boys 
and  girls,  and  there  should  be  at  least  one  for 
every  15  to  25  girls  and  25  to  40  boys.  They 
should  be  disconnected  from  the  school  proper  by 
a  well- ventilated  lobby  or  covered  way.  Flush- 
closets  are  best  adapted  for  the  purpose  in  some 
ways,  and  trough-closets  are  used  in  many  schools. 
But,  probably,  the  time  has  come  for  schools  to  be 
supplied  with  a  sufflcient  number  of  some  simple  form 
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of  wash-down  closet  with  separate  water-waste  pre- 
venter cisterns  or,  if  necessary,  tiushijig  apparatus  for 
half  a  dozen  at  one  time.  Dry  earth  systems  in 
schools  require  careful  supervision.  It  is,  of  coui'se, 
possible  and  necessary  to  make  paiLs,  earth-closets,  or 
even  privies  serve  the  purpose  in  rural  districts,  but 
only  by  constant  supervision  can  they  be  prevented 
from  becoming  a  serious  nuisance  in  schools.  They 
should  be  situated  at  least  20  feet  from  the  school 
premises.  Urinals,  in  proportion  of  10  feet  for  100 
boys,  should  be  properly  constructed  of  smooth  non- 
absorbent  material,  and  should  have  a  sufficient 
water-supply. 

Soil  drains  from  schools  should  be  made  of  jrlazed 
stoneware  pipes  (4  to  6  in.  diam.),  having  a  fall  of  1  in 
30  for  4  in.  and  1  in  40  for  6  in.,  and  they  must  be  pro- 
vided with  traps,  ventilators,  and  inspection  chambers. 

Schools  and  infectious  diseases. — The  fol- 
lowing is  the  Memorandum  issued  by  the  L.GtB. 
(1908)  concerning  this  matter 

2.  In  the  Code  of  Eegulations  issued  by  the  Boatd  of 
Education  in  1907,  the  following  Article  (Art.  57)  i)rescribe8, 
as  one  of.  the  general  conditions  i-equired  to  be  fulfilled  by  a 
Public  Elementary  School  in  order  to  obtain  an  annual  Parlia- 
mentary grant,  that— 

If  the  S.A.of  the  District  in  which  the  school  is  situated, 

or  any  two  members  thereof,  acting  on  the  advice  of  the 
M.O.H.,  require  either  the  closure  of  the  school  or  the  exclusion 
of  certain  children  for  a  specified  time,  with  a  view  to  pre- 
venting the  spread  of  disease  or  any  danger  to  health  Hkely  to 
arise  from  the  condition  of  the  school,  such  requirement  must 
at  once  be  complied  with,  but  after  compliance  appeal  may  be 
made  to  the  Board  (of  Education)  if  the  I'equirement  is  con- 
sidered unreasonable." 

Article  45  (b)  prescribes  that  if  there  has  been  a  closure 
under  medical  authority,  or  for  any  other  unavoidable 
cause,  the  number  of  meetings  required  [400  a  year]  is 
proportionately  decreased. 

(The  "  medical  authority  "  referred  to  in  this  article  is  not 
necessarily  that  of  the  M.O.H.) 
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3.  The  diseases  for  the  prevention  of  which  school  closure, 
or  the  exclusion  of  particular  children,  will  be  required  are 
principally  those  which  spread  by  infection  directly  from 
jjerson  to  person,  such  as  diphtheria,*  scarlet  fever,  measles, 
whooping-cough,  epidemic  influenza,  small-pox,t  and  rotheln. 
More  rarely,  the  same  question  arises  in  connection  with  enteric 
fever  and  diarrha?al  diseases,  which  spread  not  so  much  liy 
direct  infection  from  person  to  j)erson  as  indirectly  through  the 
agency  of  local  conditions,  such  as  infected  school  privies. 

4.  It  will  be  seen  that  Article  57  quoted  above  confers  upon 
sanitary  authorities  an  alternative  power  with  respect  to  public 
elementary  schools,  (a)  To  cause  particular  scholars  to  be  for 
a  specified  time  excluded  from  attendance,  or  (b)  to  require  the 
school  to  be  closed  for  a  specified  time. 

5.  — A.  First,  as  to  exclusion  from  school  of  particular 
scholars. — Here  it  will  be  convenient  to  consider  the  circum- 
stances under  which  the  requirements  of  the  public  health  will 
be  satisfied  by  the  less  severe  measure  of  the  exclusion  from 
school  of  particular  children, 

{a)  It  may  be  laid  down  as  a  universal  principle  that  all 
children  suffering  from  any  dangerous  iufectious  disorder  {i.e. 
of  a  nature  dangerous  to  some  of  the  persons  attacked  by  it, 
howcA'er  mild  in  other  cases)  should  be  excluded  from  school 
until  there  is  reason  to  believe  that  they  have  ceased  to  be  in  an 
infectious  condition  {see  s.  126  P. 11.  Act,  1875,  also  s.  57  P.H. 
Acts  Amd.  Act,  1907). 

(i)  Furthermore,  as  it  is  rarely  possible  to  provide  effectual 
separation  of  the  sick  from  the  healthy  within  the  homes  of 
children  of  the  class  attending  public  elementary  schools,  it 
must  commonly  be  necessary  that  all  children  of  an  infected 
household  should  be  excluded  from  school ;  first,  because  other- 
wise such  children  might  attend  school  while  suffering  from 
the  disease  in  a  latent  form,  or  at  an  unrecognised  stage,  and, 
secondly,  because  it  is  known  that  infection  may  attach  itself 
to,  and  be  conveyed  by,  the  clothes  of  a  persen  living  in  an 
infected  atmosphere,  even  though  the  person  himself  remain 
unaffected.  The  same  considerations  will  sometimes  make  it 
desirable  to  prohibit  the  attendance  at  school  of  children  who 
are  known  to  have  been  in  contact  with  a  soru'ce  of  infection  ; 

*  There  are  special  eon.siderations  that  have  To  be  borne  in  mind  in 
regard  to  diphtheria.  Conditions  of  school  aggregation  alone  seem  occa- 
sionally to  intensify  the  virulence  of  the  type  of  this  disease.  (See 
cliapter  xiv.) 

t  Small-pox  has  only  a  slight  incidence  npon  children  of  school  age, 
under  ordinary  conditions  of  infant  vaccination,  but  in  districts  where 
vaccination  is  now  neglected  it  has  occasionally  been  found  necessary  to 
close  schools  oh  account  of  prevalence  of  sniall-pox. 
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of  diildrcn  of  cerliiin  ages  or  classeu ;  or  of  children  from  a 
l)iirLicular  street  or  liamlot. 

In  the  case  of  infectious  diseases  involving  little  or  no 
danger  to  life,  snch  as  mumps  or  skin  diseases,  school 
interests  may  be  more  particularly  considered.  In  such 
case,  however,  it  will  usually  be  well  for  the  M.O.H.  to 
advise  the  managers  to  prohibit  the  attendance  of  every 
child  while  in  an  infectious  state. 

6.  — B.  Secondly,  as  to  the  closing  of  schooh. — This,  by  more 
seiiously  interfering  with  the  educational  work  of  a  district,  is 
a  much  more  grave  step  for  a  S.A.  to  take  than  to  direct  the 
exclusion  of  particular  scholars.  It  is  a  measure  that  seldom 
ought  to  be  enforced,  except  under  circumstances  involving 
imminent  risk  of  an  epidemic,  nor  even  then  as  a  matter  of 
routine,  nor  unless  there  be  a  clear  prospect  of  preventing  the 
propagation  of  disease  such  as  could  not  be  looked  for  from 
less  comprehensive  action. 

Even  where  school  closure  is  deemed  necessary  it  need 
not  always  extend  to  the  whole  school  or  department,  but 
may  on  suitable  occasions  be  limited  to  particular  cliisses 
or  standards.  Thus  in  the  case  of  outbreaks  of  measles 
or  whooping  cough  it  is  often  unnecessary  to  close  the 
senior  departments  of  a  school  ;  since  the  majority  of  the 
elder  children  are  commonly  iwotected  against  those  diseases 
by  having  ah-eady  passed  through  an  attack  in  previous  years. 

7.  By  Article  18  (6)  of  the  Board's  Order  of  23rd  March, 
1891,  the  M.O.H.  on  the  occasion  of  an  outbreak  of  dangerous 
infectious  disease  is  to  advise  the  persons  competent  to  act  as 
to  the  measures  to  be  taken  to  prevent  the  extension  of  the 
disease.  If,  therefore,  he  finds  that  the  children  of  infected 
households  are  attending  school,  he  should  send  notice  of  the 
fact  to  the  schoolmaster,  and  give  such  advice  as  appears  to  him 
to  be  necessary  with  regard  to  the  exclusion  of  the  children 
from  school,  and  as  to  the  time  for  which  such  exclusion  should 
continue.  * 

Where  the  number  of  children  to  be  excluded  is  small,  and 
the  schoolmaster  acts  on  the  advice  of  the  M.O.H.,  it  may  not 
be  necessary  to  take  formal  action  under  Article  57  of  the  code  ; 
but  where  the  number  of  chUdi'en  whom  it  is  desirable  to 
exclude  from  school  is  such  as  is  likely  seriously  to  diminish  the 
average  attendance,  or  where  the  advice  of  the  M.O.H.  is  not 

*  It  is  well  always  to  send  a  second  notice  when  the  infection  is  at  an 
end  and  the  quarantine  is  terminated.  Copies  of  tliese  notices  may  with 
advantage  be  sent  to  the  schf)ol  authorities,  in  order  that  the  school 
attendance  officer  may  not  in  the  meantime  press  the  parents  to  send  the 
children  to  school. 
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followed,  and  there  is  danger  of  the  disease  spreading  by  means 
of  tlie  school,  notice  for  the  exclusion  of  the  children  in  ([uestiou 
should  be  made  in  accordance  with  the  requirements  of  Articlo57. 
The  attention  of  school  attendance  officers  and  of 
schoolmasters  should  also  be  drawn  to  the  following  con- 
siderations. Frequently  they  themselves  will  obtain  tlie 
earliest  information  of  the  occurrence  of  infectious  disease 
among  scholars,  and  it  is  most  desirable  that  such  officer  or 
master  should  without  delay  communicate  the  facts  to  the 
M.O.H.  Absence  of  any  child  from  school  on  the  plea 
that  it  is  suffering  under  one  of  the  before-mentioned 
diseases,  and  absence  of  several  children  of  one  family 
from  school  at  the  same  time,  no  matter  what  name  be 
given  to  the  complaint  that  keeps  them  at  home,  should  be 
reported  to  the  health  officer.  In  practice  it  has  been 
found  that  this  notification  of  absentees  has  materially 
aided  the  local  health  officer  in  taking  measures  for  the 
suppression  of  infectious  disease,  to  the  advantage  alike  of 
the  district  and  of  the  school.  Furthermore,  school- 
masters may  properly  be  asked  to  take  note,  especially 
when  an  epidemic  threatens  or  is  present,  of  symj)toms 
occurring  in  any  of  their  scholars  that  may  indicate  the 
commencement  of  disease,  febrile  in  nature.  besides 
heat  of  skin,  such  symptoms  are  shivering,  headache,  and 
languor,  especially  if  commencing  suddenly,  vomiting, 
rashes  on  the  skin,  and  sore  throat.  When  scarlet  fever 
or  diphtheria  threatens,  every  trace  of  sore  throat  should  be 
looked  upon  as  suspicious.  In  any  case  where  such  ' 
symptoms  are  observed,  the  safest  course  will  be  to  exclude 
the  child  from  school  until  assurance  can  be  had  that 
it  may  attend  school  without  harm  to  itself  or  danger 
to  other  scholars. 

8.  As  regards  duration  of  exclusion  from  school  of  particular 
children,  the  time  to  be  specified  will  \ax-y  in  different  diseases 
and  different  cases,  and  in  this  matter  the  sanitary  authority 
will  doubtless  be  guided  by  the  advice  of  their  M.O.H. 

9.  In  deciding  whether  an  outbreak  of  infectious  disease 
among  children  of  school  age  may  be  best  combated  by  closing 
the  school,  or  whether  it  will  sufBce  to  exclude  the  children  of 
infected  households,  the  two  most  important  points  to  be  con- 
sidered are  : — 

[a)  The  completeness  and  promptness  of  the  information 
received  by  the  officers  of  the  S.  A.  respecting  the  occurrence  of 
infectious  cases. 

{b)  The  opportunities  which  exist  for  intercourse  between 
the  children  of  different  households  elsewhere  than  at  school. 


212  JIVGIENE  AND  PuHLIC  BeALTII.     IChap.  V)I 


10.  (rt)  The  more  lu'ompt  and  full  the  kuowledgo  of  cases 
of  infectious  disease  that  the  8,  A.  are  aljle  to  obtain,  the  better 
will  bo  the  prospect  of  checking  such  disease  \iy  keeping  away 
from  school  the  children  of  infected  households,  and  the  less 
will  be  the  necessity  for  closing  schools.*  If  the  cases  be  few 
in  nimiber,  and  their  origin  known,  the  exclusion  from  school 
of  the  children  of  infected  households  will  probably  suffice, 
but  this  measure  will  fail  where  there  are  many  undiscovered 
or  unrecognised  cases,  or  whore  the  known  centres  of  infection 
are  very  numerous. 

Commonly,  the  failure  of  carefuUj'  considered  measures  of 
exclusion  to  stay  the  spread  of  an  epidemic  which  shows 
a  special  incidence  upon  school  children,  may  be  regarded  as 
pointing  to  the  continued  attendance  at  school  of  children  with 
the  prevalent  disease  in  a  mild  or  unrecognised  form,  and 
a  strong  case  will  appear  for  the  closing  of  "schools.  But  it 
must  be  remembered  that  the  closing  of  the  school  will  dej^rive 
the  Medical  (Jfficer  of  Health  of  the  information  respecting 
attacks  in  the  early  stage  or  of  doubtful  nature  which  he  might 
otherwise  be  able  to  obtain  from  the  school  teachers. 

11.  {b)  The  second  material  consideration,  in  deciding  as 
to  the  desirability  of  closing  schools  during  the  prevalence 
of  infectious  disease,  is  the  amount  of  opportunity  for  inter- 
communication between  the  members  of  different  households 
elsewhere  than  at  school.  In  sparsely  populated  rural  districts, 
where  the  children  of  different  households,  or  of  separate 
hamlets,  rarely  meet  except  at,  or  on  their  way  to,  the  village 
school,  the  closing  of  the  school  is  likely  to  be  effectual 
in  checking  the  spread  of  disease.  It  is  less  likely  to  be  useful 
in  a  town  or  compact  village  (particularly  where  houses  are 
sub-let  and  yards  ai-e  in  common),  where  the  children  of 
different  households  when  not  at  school  spend  their  time  in 
playing  together,  and  often  run  in  and  out  of  each  others' 
houses.  But  it  must  be  remembered  that  children  when  at 
play  out  of  doors  are  brought  into  much  less  close  association 
with  each  other  tlian  when  at  school. 

In  rural  districts,  where  epidemic  diseases  are  less  fre- 
quently prevalent,  school  closing  may  be  required  as  an  excep- 
tional measure  to  meet  an  exceptional  state  of  things.  As 
regards  more  populous  places,  it  must  not  be  forgotten  that  if 
schools  were  to  be  closed  whenever  an  infectious  disease  was 
prevalent,  there  are  many  places  where  schools  would  hardly 
ever  be  open. 

*  The  provisions  of  the  Infectious  Diseases  Notification  Act,  and  of 
s.  5S  of  the  Public  Health  Acts  Amendment  Act,  1907  (where  that  has 
been  put  in  force),  may  be  referred  to  in  this  connection. 
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12.  On  occasions  when  by  reason  of  the  absence  or  exclusion 
of  a  considei-ablc  number  of  children  the  attendance  at  a  school  is 
gi-eatly  reduced,  the  managers  often  prefer  to  close  it  altogether, 
as  by  so  doing  they  are  enabled  to  obtain  the  advantage  of 
Article  45  (i)  of  the  Education  Code,  before  quoted.  This, 
for  reasons  to  be  mentioned,  is  especially  apt  to  occur  in  the 
case  of  epidemics  of  measles  and  whOoping  cough. 

But  it  must  be  borne  in  mind  that  under  Article  57  of  the 
Education  Code  the  Sanitary  Authority  is  only  empowered  to 
order  the  closure  of  a  school  with  a  view  to  preventing  the 
spread  of  disease,  and  not  in  the  financial  interests  of  the 
schools ;  and  that  when  a  large  proportion  of  the  susceptible 
cluldren  have  already  contracted  the  disease  or  been  exposed 
to  infection,  school  closing  can  do  little  to  prevent  its  spread. 

In  such  cases,  however,  if  the  school  managers  desire  to 

close  the  school,  it  is  open  to  the  Medical  Officer  of  Health, 

if  he  thinks  fit,  to  give  a  cei-tiflcate  for  the  purpose  of  Article  45 

(b)  of  the  Code,  though  he  is  not  under  any  obligation  to  do  so. 

13.  Tlie  question  of  school  closing  in  outbreaks  of  measles  merits 
special  considei-ation.  School  closing  probably  more  fi'eiiuently  takes 
place  on  account  of  epidemics  of  measles  than  for  any  other  disease,  but  as 
closing  is  commonly  deferred  until  a  large  proportion  of  the  children  are 
already  absent,  it  is,  in  populous  districts  at  least,  useless  for  the  purpose 
of  preventing  the  spread  of  the  disease.  The  following  facts  respecting 
measles  have  to  be  taken  into  account : — 

The  disease  is  very  infectious,  and  almost  all  young  children  who 
have  not  already  had  it  are  susceptible  to  it,  the  susceptibility  being 
probably  greatest  in  the  second  to  the  fifth  years  of  life.  Persons,  how- 
ever, comparatively  rarely  contract  it  a  second  time,  so  that,  in 
populous  districts  where  the  epidemics  comnronly  recur  every  two  or 
three  years,  most  of  the  older  cliildren  are  protected  against  it  by 
having  passed  through  a  previous  attack. 

The  incubation  period  of  the  disease  from  infection  to  the  commence- 
ment of  illness  is  usually  from  12  to  14  days,  and  the  disease  is  very 
infectious  during  the  first  three  days  before  the  characteristic  rash 
appears.  Hence,  if  measles  is  introduced  into  a  school,  the  first  crop  of 
secondary  cases  will  occur  about  12  days  after  the  original  case,  and  in 
12  days  more  there  will  be  a  second  crop  comprising  the  majority 
of  the  unprotected  children.  The  rapidity  of  spread  depends  in 
large  measure  upon  the  number  of  unprotected  children  in  the  class 
or  school ;  and  hence  the  likelihood  of  an  introduction  of  measles 
into  a  school  being  followed  by  an  epidemic  is  in  proportion  to  the 
length  of  time  which  has  elapsed  since  the  last  previous  epidemic. 

In  popnlous  towns  measles  is  constantly  more  or  less  present,  and  is 
on  frequent  occasions  introduced  into  schools,  hence  it  is  not  possible  to 
prevent  epidemics,  but  at  most  only  to  postpone  them.  But  since  the 
mortality  from  measles  chiefly  occurs. among  children  under  five  years  of 
age,  in  so  far  as  the  recurrence  of  an  epidemic  can  be  jiostponed,  the 
mortality  from  measles  will  be  reduced,  since  a  larger  number  of 
children  will  have  x>assed  the  age  at  which  the  risk  of  death  from  an 
attack  is  greatest. 

In  view  of  the  failure  of  school  closure,  when  deferred  until  a  con- 
siderable number  of  children  have  been  attacked,  to  prevent  the  spread 
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of  inonslcs  n  class  closure  of  sliort  duration  after  tin;  oocurrcncc  of  a 
Kint;lu  c.iise  ol  niciisliis  lias  been  siiKgr;st(;(l.  If  this  Ijc  (loiii;  the  class 
slioulil  1)1)  clnscd  oil  tlic,  iiintli  day  after  tlio  Kickeiiin^;  of  the  first  child, 
fur  a  period  of  live  clays  only,  after  which  time  only  those  who  liave 
sickened  should  be  excluded,  with  those  in  tlie  same  liouseholds  who 
have  not  had  nieasliss. 

The  infection  of  measles  is  probably  conveyed  chiefly  by  the  nasal 
mucus,  but  is  less  persistent  than  that  of  small-pox,  scarlet  fever,  or 
diphtheria,  and  is  not  commonly  conveyed  by  healthy  persons  ;  hence 
it  is  unnecessary  to  exclude  from  school  the  childi  en  of  infected  house- 
holds if  they  have  themselves  had  measles. 

Tlie  foregoing  remarks  apply  especially  to  measles  as  it  oochrs  in 
populous  town  <listricts ;  in  rural  districts,  for  the  reasons  fjiveii  in 
liaragrapli  11,  there  is  a  better  prospect  of  checking  the  spread  of  the 
disease  by  prompt  measures  of  exclu^sioIl  and  school  closure,  especially  of 
the  infant  classes. 

Similar  cnnsideiations  apply  in  some  degree  to  whooping  cough,  which, 
like  measles,  attacks  especially  young  children,  and  is  infectious  iu  the 
early  stage,  before  the  characteristic  whoop  has  appeared. 

Upon  any  threatened  outbreak  of  measles  or  whooping  cough  it  is 
advisable  that  all  childien  below  the  age  of  obligatory  school  attendance, 
i.e.  luider  live  years  old,  who  may  be  attending  school  should  be  excluded, 
tmless  they  are  known  to  have  jireviously  had  the  disease. 

14.  Scarlet  fever  in  schools  is  spread  chieHy  by  the  agency,  first,  of 
mild  unrecognised  cases,  presenting  perhaps  only  a  slight  sore  throat,  the 
nature  of  which  is  only  recognised  when  peeling  of  the  skin  subsequently 
occurs  ;  and  second,  of  convalescents  still  in  an  infectious  condition, 
especially  with  nasal  discharges.  It  is  desirable  that  children  who  have 
had  scarlet  fever  should  not  be  re-admitted  to  school  for  a  week  or  two 
after  recovery  or  discharge  from  hospital,  and  in  no  case  until  free  from 
infectious  sequelse. 

15.  Diphtheria  in  schools,  though  spreading  less  rapidly  than  measles, 
is  often  very  persistent  and  sometimes  cau.ses  serious  mortality.  An 
outbreak  is.  often  preceded  by  cases  of  sore  throat  not  obviously  of 
diphtheritic  nature,  or  not  so  recognised,  but  in  which  the  diiditheria 
bacillus  can  often  be  identified  in  secretions  taken  from  the  throat  by 
swabs.  The  specific  bacillus  may  often  be  found  in  the  throats  of 
persons  who  have  been  iu  contact  with  cases  of  diphtheria,  but  are  them- 
selves apparently  hcallhy.  When  diphtheria  breaks  out  in  a  school  it  is 
desirable  that  the  other  children  iu  the  class  aftected  should  be  exannned 
with  a  view  to  the  detection  of  such  cases  of  sore  throat ;  and  in  many 
cases  bacteriological  examinations  may  be  necessary.  It  is  desirable  also 
that  bacteriological  examinations  should  be  made  of  the  throats  of 
convalescents  from  diphtheria,  and  that  they  should  not  be  allowed  to 
return  to  school  until  the  absence  of  the  diphtheria  bacillus  is 
satisfactorily  shown. 

10.  School  closure  is  occasionally  necessary  on  account  of  infections 
sickness  in  the  master's  family,  which  would  involve  risk  to  the  scholars. 
It  is  also  sometimes  necessary  to  close  a  school  for  a  day  or  two  in  order 
that  it  may  be  disinfected  and  cleansed  aft.er  cases  of  infectious  illness 
have  been  in  attendance,  or  to  allow  of  the  rectification  of  sanitary  defects 
of  a  nature  to  produce  or  spread  disease. 

It;  must  be  remembered  that  proper  ventilation  of  school-rooms, 
avoidance  of  overcrowding,  and  cleanliness  and,  where  needed,  disinfection 
of  schoolrooms  and  school  appliances,  do  mucli  to  ])revent  the  spread  of 
infectious  diseases  ;  and  if  these  matters  were  duly  attended  to  and  careful 
supervision  kept  over  children  slightly  ailing,  .school  closing  would  be 
comparatively  rarely  required. 
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17.  In  places  where  tlioro  are  several  public  elementary  schools,  if  an 
outbreak  of  infectious  disease  be  confined  to  the  scholars  of  one  particular 
school,  it  may  be  sufficient  to  close  that  school  only.  But  where  dilferent 
schools  have  all  appeared  to  aid  in  the  spread  of  disease  (thouj,di  perhaps 
to  an  unequal  extent)  the  Satiitary  Authority  may  consider  it  advisable 
that  all  should  be  closed  lest  children  in  an  infectious  state  who 
previously  attended  the  schools  that  are  closed,  should  be  sent  to  others 
that  mi<?ht  remain  open. 

Tlie  playgrounds  should  not  remain  open  when  the  schools  are  closed, 
as  they  may  form  a  meeting  place  for  tlie  children  whom  it  is  the  object  of 
the  closure  to  keep  apart. 

It  nmst  be  remembered  that  Sanitary  Authorities  have  no  power  in 
respect  of  Sunday  schools,  or  other  private  scliools,  except  in  so  far  as 
these  njay  contravene  s.  91  (.5),  s.  126,  or  other  provision  of  the  Public 
Health  Act,  1875,  or  s.  57  Public  Health  Acts  Amendment  Act,  1907, 
where  it  has  been  put  in  force  ;  but  it  will  often  be  expedient  to  invite  the 
co-operation  of  managers  of  such  schools  in  efforts  for  securing  the  public 
health.  Experience  "shows  that  they  are  usually  ready  to  defer  to  the 
representations  of  the  authority  responsible  for  the  public  health  of  the 
district. 

18.  The  M.O.H.  has  not  power  to  order  the  closing  of  a 
school;  his  function  in  this  respect  is  advisory  only.  Reports 
of  the  M.O.H.  to  sanitary  authorities,  advising-  the  closure  of 
a  school  or  schools  in  any  district,  are  to  be  treated  as 
"  special "  reports  within  the  meaning  of  the  General  Order  of 
the  L.O-.B.  of  March  23rd,  1891,  and  copies  of  them  are 
required  by  Art.  18  (15)  and  (16)  of  that  Order  to  be  sent  to 
the  Board,  and  to  the  County  Council.  These  reports  should 
state  the  grounds  upon  which  the  M.O.H.  advocates  the 
closure  of  the  school  or  schools  in  preference  to  the  exclusion 
of  particular  scholars. 

19.  All  notices  of  the  sanitary  authority  for  the  closing  of 
Public  Elementary  Schools  should  be  addressed  in  writing  to 
the  Managers,  and  should  state  the  grounds  on  which  the 
closing  is  deemed  necessary. 

All  such  notices  shall  specify  a  definite  time  during 
which  the  school  is  to  remain  closed ;  this  should  be 
as  short  a  period  as  can  be  regarded  as  sufficing  on  sanitary 
grounds,  since  a  second  notice  may  be  given  before  the 
exj)iration  of  the  first,  if  it  should  be  found  necessary 
to  postpone  the  re-opening  of  a  scbool.  The  Managers 
of  schools,  after  complying  with  the  requirements  of  the 
S.A.,  have  the  right  of  appeal  to  the  Board  of  Education, 
if  they  consider  any  notice  to  be  unreasonable. 

20.  Where  the  Medical  Officer  of  Health  is  not  himself 
the  school  medical  officer  appointed  under  the  Education 
(Administrative  Provisions)  Act,  1907,  it  will  be  very  desirable 
that  in  matters  relating  to  the  health  of  school  children,  he 
should  co-oj)erate  with  the  officer  appointed  under  that  Act 
and  should  consult  with  him  in  any  case  of  doubt  or  difficulty. 
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Adiiiiiiimtrntioii  :iN  io  inroctioiiH  4li»>»<;a!«c$>) 
ill  eliuiicnfai'y  Kftlioolfii.  —  The  following  is  the 
l)raotice  now  adopted  in  London  by  the  Education 
Committee  of  the  County  Council  : — 

(«)  ¥or  notifiable  diseases. — On  receipt  of  the  notification 
from  the  M.O.H.  the  following  action  is  taken  at  the 
schools:— (1)  The  head  master  sends  the  notice  to  the  head 
teachers  of  the  other  departments,  and  all  affected  children 
(whether  suffering  or  coming  from  the  home  in  which  the 
disease  exists)  are  excluded  from  school.  (2)  Head  teachers 
of  all  departments  forward  on  the  same  day  the  names  and 
addresses  of  all  children  affected  hy  the  notice,  to  the  divisional 
superintendent  and  the  medical  officer  (education),  on  a  form 
specially  provided  for  the  purpose.  The  notification  is  then 
filed  at  the  school  until  the  end  of  the  school  yeiir.  (3) 
Children  coming  from  houses  in  which  erysipelas  or  enteric 
fever  exists,  but  who  are  not  themselves  suffering  from  the 
disease,  should  not  he  excluded  from  school.  (4)  Children 
excluded  on  account  of  a  notifiable  infectious  disease  occuri-ing 
either  in  themselves  or  others  in  the  houses  in  which  they  live, 
must  not  be  allowed  to  return  to  school  unless  a  certificate  has 
bsen  received  from  the  M.O.H.,  stating  that  the  premises  are 
fiee  from  infection.  The  certificate  of  the  M.O.H.  does  not 
certify  that  the  children  are  in  a  condition  to  resume  attendance 
at  school,  for  it  may  be  that,  though  the  premises  are  free  from 
infection,  the  children  coming  from  such  premises  ma)-  be 
sickening  for  an  infectious  disease.  It  is  necessary,  therefore, 
for  a  further  period  of  seven  days  to  elajjse  before  the  return 
of  such  children  to  school,  unless  the  M.O.H.  shall  specially 
certify  that  a  longer  period  of  absence  is  necessary.  (5)  No 
child  who  has  been  in  an  infectious  disease  hospital  should 
return  to  school  for  at  least  a  fortnight  after  discharge  from 
the  hospital.  (6)  The  London  County  Council  have  passed 
the  following  resolution  in  respect  to  diphtheria; — 

"That  the  Education  Committee  be  autliorised  to  refuse,  during 
tlie  presence  of  diphtheria  in  any  district,  readmission  to  school  of 
children  excluded  on  account  of  diphtheria  or  sore  throat  until  .such 
children  shall  have  obtained  a  medical  certificate  of  freedom  from, 
infection,  based  on  a  bacteriological  examination." 

{/>)  For  non-notifiable  diseases.  —  The  school  management 
code  in  London  is  now  as  follows  : — 

(1)  Children  suffering  from  measles  must  be  excluded  from 
school  for  at  least  one  month  ;  mumps,  for  one  month  ;  chichm- 
pox,  for  at  least  two  weeks,  or  until  every  scab  has  fallen  off 
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the  scalp  or  body ;  tvhooping  cough ,  for  as  long  as  the  cough 
continues,  and  not  less  than  five  weeks  from  the  commence- 
ment of  the  whooping. 

(2)  Children  coming'  from  houses  in  which  measles, 
mumps,  chicken-pox,  or  whooping-cough  exists  must  be  dealt 
with  as  follows :  («)  Children  in  schools  other  than  infants' 
schools  who  have  not  had  the  disease,  and  all  children  in 
infants'  schools,  must  be  excluded.  Children  in  schools 
other  than  infants'  schools  who  have  had  the  disease  need  not 
be  excluded. 

(3)  Children  living  in  infected  houses  and  excluded  from 
school  under  section  (2)  [a)  must  absent  themselves  for  the 
undermentioned  periods:  Measles:  (1)  Children  attending 
other  than  infants'  schools,  until  the  Monday  following  the 
expiration  of  14  days  from  the  occurrence  of  the  first  case ; 
(2)  Children  attending  infants'  schools,  until  the  Monday 
following  the  expiration  of  14  days  from  the  occurrence  of  the 
last  case.  Mumps  :  For  such  time  as  the  medical  attendant 
dealing  with  the  case  deems  necessary,  or,  in  cases  where  there 
is  no  medical  attendant,  for  three  weeks.  Chicken-pox :  For 
two  weeks.    JFhoopi)ig-cough  :  For  two  weeks. 

It  is  understood  in  all  cases  that  thorough  disin- 
fection is  carried  out.  As  a  further  safeguard  it  is 
ilesirable  to  insist  iipon  a  medical  certificate  of  freedom 
from  infection  when  a  child  returns  to  school  after  an 
infectious  illness. 

Typhus  and  enteric  fever  are  not  included  in  the 
list.  They,  of  course,  rarely  require  consideration. 
In  either,  three  weeks  may  be  adopted  as  the 
period  of  quarantine  ;  and  four  weeks  as  the  earliest 
date  of  return  to  school  after  an  attack,  if  all  symp- 
toms have  disappeared  and  convalescence  is  complete. 

The  duration  of  ringworm,  ophthalmia,  impetigo, 
and  scabies  is  indefinite  ;  and  children  sufiering  from 
any  of  these  should  be  rigidly  excluded  until  all  trace 
of  the  disease  has  disappeared. 

It  is  important  that  teachers  should  be  acquainted 
with  the  early  signs  of  infectious  diseases,  and  sliould 
watch  for  them,  especially  if  such  diseases  are  preva- 
lent in  the  neighborrhcod,  or  if  any  of  the  cliildron 


2l8  HVGIENE  AND  PUBLIC  HEALTH.  IChap.  VII. 


attending  the  school  have  been  attacked.  Slight 
attiicks  of  disease  may  escape  recognition  until  late 
{e.g.  until  the  desquamation  stage  of  scarlet  fever), 
and  multiple  instances  of  sore  throat  should  always 
be  regarded  with  suspicion.  It  is  important,  too, 
that  the  school  autliorities  should  co-operate  with 
the  S.A.  in  such  matters,  and  should  report  cases  of 
non-notifiable  disease.  Under  the  Education  Act, 
1902,  County  Councils  and  S.A.  are  the  bodies 
appointing  the  education  committees,  so  that  unified 
action  is  practicable. 

Elementary  education  (Blind  and  Deal 
Children)  Act,  1893,  places  upon  the  parent  and 
school  authority  the  responsibility  of  education  of  a 
child  who  is  blind  or  deaf.  The  authority  must 
obtain  suitable  education  for  such  child  in  a  school 
certified  by  the  Board  of  Education,  either  established 
by  the  authority  or  receiving  contributions  from  such 
authority  with  or  without  representation.  Two  or 
more  authorities  may  combine  for  this  purpose.  The 
period  of  compulsory  education  must  extend  to  16year.s. 

Elementary  Edncation  (Defective  and 
Epileptic  Children)  Act,  1899,  gives  power  to  a 
school  authority  to  determine  what  children  in  its 
district  are  defective  and  epileptic.  "  Defective 
children  are  those  who  "by  reason  of  mental  or 
physical  defect  are  incapable  of  receiving  proper 
benefit  from  instruction  in  the  ordinary  public 
elementary  schools,"  and  the  defect  must  be  certified 
by  a  medical  practitioner  approved  by  the  Board  of 
Education.  Authorities  may  make  provision  for 
education  of  such  children  by  providing  or  con- 
tributing to  special  classes  or  schools  for  the  purpose, 
with  or  without  "  boarding  out ''  accommodation,  and 
jDeriodically  shall  examine  medically  such  children  to 
ascertain  whether  they  are  fit  for  ordinary  school. 
The  parent  is  obliged  to  send  his  defective  child 
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to  such  special  school,  which  shall  be  entitled  to 
grants-in-aid  and  the  receipt  of  payments  from  parents 
or  poor  law.  Compulsory  education  extends  under 
tliis  Act  also  to  16  years. 

The  London  County  Council  (General  Powers) 
Act,  1907  (ss.  36  and  38),  pi-ovides  for  examination 
and  cleansing  of  verminous  school  children,  and  the 
Public  Health  Acts  Amendment  Act,  1907,  requires 
for  the  sanitary  authority  lists  of  school  children 
suffering  from  infectious  disease  and  their  exclusion 
from  school.  The  Education  (Provision  of  Meals)  Act, 
1906,  provides  for  feeding  school  children  under  cer- 
tain conditions  with  or  without  payment  by  parents. 

Medical  inspection  ol  school  children. — . 
Under  the  Education  (Administrative  Provisions) 
Act,  1907  (s.  13),  local  education  authorities 
are  required  to  provide  {a)  for  vacation  schools 
and  playcentres,  and  (6)  for  medical  inspection 
of  children.  The  latter  duty  is  "  to  provide  for  the 
medical  inspection  of  children  immediately  before,  or 
at  the  time  of,  or  as  soon  as  possible  after  their 
admission  to  a  public  elementary  school,  and  on  such 
other  occasions  as  the  Board  of  Education  direct,  and 
the  power  to  make  such  arrangements  as  may  be 
sanctioned  by  the  Board  of  Education  for  attending 
to  the  health  and  physical  condition  of  the  children." 
This  is  a  new  jDower  commencing  from  J anuary  1, 1908. 
The  Board  have  issued  an  official  memorandum 
appointing  at  least  three  medical  inspections  of  each 
child  during  school  life.  The  work  is  placed  in  the 
hands  of  the  local  education  authorities  (which 
are  public  health  authorities),  and  the  minimum 
medical  inspection  is  to  include  general  conditions 
(height,  weight,  cleanliness,  clothing,  nutrition), 
medical  history,  mental  capacity,  an  examination  of 
nose,  throat,  eyes,  ears,  teeth,  and  the  detection  of 
physical  defects,  deformities,  diseases  and  paralyses. 
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More  elaborate  inspection  and  anthropometric  surveys 
may  be  undertaken  where  practicable.  Each  educa- 
tion authority  is  required  to  appoint  school  medical 
officers.  No  medical  treatment  as  ordinarily  under- 
stood is  to  be  carried  out  by  the  education  authorities 
exce]3t  by  sanction  of  the  Board.  Mucli,  howevei*, 
Inay  be  done  in  the  Avay  of  adapting  the  means  of 
education  to  the  physical  capacities  and  mental 
requirements  of  the  children.  This  enactment  will 
bring  England  and  Wales  into  line  with  Germany 
and  other  countries  which  have  had  medical  inspec- 
tion for  some  years. 

Inspection  of  schools.— The  following  schedule 
includes  the  principal  points  that  require  attention  in 
the  sanitary  inspection  of  day  schools  : — 

Name  of  school. — Character  (elementary,  secondary,  technical) 
Local  education  authority. 

1.  Position  and  sui-rotindings  of  school. — Nature  of  soil  and 

subsoil ;  site,  aspect,  etc. 

2.  Flayground.  —  Size;    covering    of   paving;  drainage; 

buildings  or  fixtures  in  ;  cleanliness. 

3.  School  hiildinfjs  [plans]. — Structure,  entrances,  corridors, 

staircases,  central  hall,  school-rooms,  class-rooms. 
Number  of  storeys.  Infant  schools.  Special  depart- 
ments for  cookery,  laundry  work,  handicraft,  science, 
drawing. 

(ff)  Structure. — Condition  of  roofs,  walls,  floors,  ceilings. 
Purpose  of  rooms. 

(5)  Cubic  capacities  and  accommodation ;  superficial  area 
and  cubic  space  per  child.  Overcrowding  in  class- 
rooms. 

(c)  Heating. — Mode,   radiation,  convection;  fire-places, 

stoves,  hot  pipes,  or  other  methods ;  temperature  in 
summer  and  winter. 

(d)  Lighting. — Mode  ;  degree  ;  windows,  size  and  position  ; 

means  of  artificial  lighting. 

(e)  Ventilation.^ — Methods ;  natural  or  artificial ;  measure- 

ments of  Coo.    Standard  may  be  ^^^^.qj^-    Air  supply. 

(/■)  School  furniture  and  fittings.  Desks  and  seats. 
Gymnasium.  Teaching  appliances  —  blackboards, 
slates,  pencils^ -sponges. 
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{g)  Cleanliness.  —  Arrangements    for ;    scrapers.  Dry 
cleaning.    Periodical  disinfection. 

4.  General    sanitation.  —  Kef  use    removal  ;    receptacles  ; 

ashpits,  structure  and  condition  of ;  sanitary  con- 
veuioncos  (water  or  earth)  ;  separation  of  sexes ; 
type  and  character ;  number  ;  condition  ;  arrangement ; 
position  ;  urinals,  accommodation,  flushing ;  drainage  ; 
surface  and  soil  drains  ;  rain  water  ;  sink  wastes  ;  cess- 
pits (cover,  structure,  cleansing)  ;  relation  to  well  and 
land  di'ainago  ;  disconnection  and  ventilation  ;  trapping, 
testing,  etc. 

5.  Lavatory,  hath-,  and  cloak-room  accommodation. — Position  ; 

structure  ;  number  of  basins ;  water  supply  ;  towels  ; 
clothes  hooks  ;  drying  arrangements  ;  size,  heating,  and 
ventilation  of  cloak-room.  Baths, 

6.  Jfater  supply. — What  provision ;   if  well,  position  and 

covering;  surroundings  of  well;  quantity  and  adequacy 
of  supply.  Playground  tap.  Water-filters.  Storage 
and  distribution. 

7.  Master's  house. — Position,  size,  accommodation;  general 

sanitation.    Teachers'  rooms  and  accommodation. 

8.  General. — Number  of  teachers  to  scholars.    Number  on 

roll  and  average  attendance.  System  of  medical  inspec- 
tion in  vogue.  General  result  of  records  as  to  personal 
hygiene  of  children.  Infectious  diseases.  Hours  of 
school  and  playtime.  Physical  exercises.  Attitude  of 
children  in  school. 

Much  has  been  done  in  school  hygiene  in  recent 
years  imcler  the  above  Acts,  the; Education  Code,  and 
by  the  enterprise  of  certain  local  education  authorities 
(Bradford,  Manchester,  London,  the  County  of  Surrey, 
etc.).  This  work  has  included  not  only  sanitation  of 
schools  and  the  prevention  of  the  spread  of  infectious 
diseases,  but  medical  inspection  particularly  of  defective 
and  under-nourished  children.  In  London  a  cleansing 
scheme  has  been  in  practice,  vision  has  been  tested,  a 
favus-school  has  been  established,  school  nurses  have 
been  employed,  and  physically  defective  children  have 
been  supervised.  In  Croydon  ringworm  has  been 
treated  by  X-rays  and  other  methods.  In  Liverpool 
school  nurses  have  been  employed,  and  in  many 
centres  "  special  "  schools  have  now  been  established. 
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CHAPTER  VIII 

HOSPITALS 

Oeiicral  considerations.— All  that  has  been 
said  in  respect  of  the  site,  sun^oundings,  and  construc- 
tion of  houses  applies  with  still  greater  force  to  hospitals. 
Pure  air  and  light  are  of  especial  importance  in  sick 
wards,  that  are  occupied  day  and  night.  The  site 
should  be  as  dry  and  open  as  possible,  not  exposed  to 
smoke  or  effluvium  borne  by  wind,  and  not  unduly 
sheltered  by  trees,  buildings,  or  hills. 

Wards. — Long  wards  should  face  east  and  west 
so  as  to  admit  sun  on  each  side  alternately,  and 
if  any  deviation  is  necessary  it  should  preferably  be 
such  as  to  give  a  south-east  and  north-west  aspect 
(Thoi'ne-Thorne).  Single-storey  hospitals  are  prefer- 
able, as  affording  the  freest  circulation  of  air.  Each 
ward  is  then  completely  detached  from  the  rest,  and 
the  absence  of  stairs  is  advantageous ;  but  from 
motives  of  economy  and  convenience  of  concentration 
two  or  more  storeys  are  usually  built. 

Small  wards  are  inevitable  in  cottage  hospitals, 
and,  indeed,  in  all  hospitals,  since  pi'ovision  has  to  be 
made  for  the  isolation  of  severe  or  infectious  cases, 
and  for  the  classification  of  patients  according  to  sex, 
and  sometimes  according  to  disease.  As  a  general 
proposition,  however,  large  wards  are  more  readily 
ventilated,  warmed,  and  lighted,  more  economical  in 
construction  and  management,  and  more  convenient 
as  regards  nursing. 

For  long  wards  the  width  should  be  24  to  30  feet,  the 
height  13  to  14  feet,  and  the  lenglh  such  as  to  allow  a  cubic 
space  per  patient  of  at  leasb  1,200  feet.  Not  less  than  2,000 
feet  is  considered  necessary  in  a  fever  or  lying-in  hospital,  or 
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for  severe  surgical  cases.  It  is  not  permissible  to  obtain  this 
space  by  increasing  the  height.  As  already  explained,  ex- 
treme height  is  of  little  utility  as  regards  ventilation,  and  in 
hospitals  it  is  essential  to  have  plenty  of  floor  space  around 
each.  bed.  For  nursing  purposes  at  least  90  square  feet  per 
bed  is  necessary,  and  more  will  be  required  if  the  ward  is 
largely  used  for  cUnical  teaching.  Wherever  there  is  any 
possibilit}'  of  septic  or  other  infection,  as  for  example  in 
surgical  wards,  lying-in  wards,  and  wards  for  infectious  dis- 
eases, wide  separation  of  beds  is  important.  In  such  cases 
12  feet  of  wall  and  130  to  140  feet  ot  floor  space  should  be 
allowed.  It  is  found  that  for  convenience  in  nursing  the 
number  of  beds  in  one  ward  should  not  exceed  32,  and  usually 
24  or  28  would  be  preferable. 

The  beds  are  arranged  with  their  heads  to  the  wall,  facing 
into  the  ward.  Each  bed  should  be  placed  between  two 
adjoining  w^indows,  the  space  between  the  windows  being  not 
less  than  a  foot  wider  than  the  bed.  At  most  two  beds  may  be 
allowed  in  one  space,  the  interval  between  them  being  at  least 
three  feet.  The  intervals  between  the  windows  of  a  ward 
should  be  such  as  to  allow  of  this  arrangement.  The  windows 
should  reach  to  within  a  foot  of  the  ceiling. 

All  the  surfaces  should  be  impervious,  smooth,  and 
washable,  and  all  ledges,  crevices,  and  stagnant  corners 
in  which  dust  may  lodge  must  be  avoided.  The  floors 
may  be  paraffined  or  waxed,  the  walls  lined  with  tiles 
or  glazed  brick  or  Parian  cement,  or  in  the  absence  of 
such  materials  simply  painted. 

Heating-  and  ventilation.— The  heating  may 
be  eflTected  by  open  fire-places  or  ventilating  stoves,  or 
both,  and  it  is  well  to  have  in  addition  coils  of  steam 
or  hot- water  pipes  with  radiators  in  corridors.  Venti- 
lation must  be  provided  for  to  the  extent  of  at  least 
3,000  feet  per  head  per  hour,  and  it  may  be  taken  as 
a  safe  rule  that  the  whole  air  of  the  ward  ought  to  be 
changed  thrice  hourly,  so  that  the  hourly  supply  of 
fresh  air  should  be  three  times  the  cubic  capacity  of 
the  ward.  Extraction  is  provided  for  by  fire-places, 
stoves,  windows  opening  at  the  top,  Shei-ingham 
valves  near  the  ceiling,  chimney  shafts,  warm  out- 
let flues,  and  in  other  ways.     Special  extraction 
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shafts,  Avith  inlets  at  or  near  tlie  ceiling,  are 
desirable.  Such  shafts  may  be  carried  up  alongside 
or  surrounding  the  chimney  or  stove  flue,  so  as  to 
utilise  the  waste  heat  as  a  motive  power  ;  or,  indepen- 
dently of  these,  with  a  gas  jet  in  the  inlet  to  create 
an  xipward  current.  Some  hospitals  for  infectious 
diseases  have  an  extraction  shaft  upon  a  larger  scale, 
the  foul  germ-laden  air  being  made  to  pass  through  a 
gas  furnace.  Most,  if  not  all,  of  the  germs  are  no 
doubt  destroyed  in  this  way,  and  the  rest  are  pre- 
vented from  diffusing  horizontally.  This  precaution 
was  suggested  by  the  Hospitals  Commission,  and  is 
especially  important  in  regard  to  small-pox  hospitals, 
which  have  been  shown  to  be  capable,  under  certain 
conditions,  of  acting  as  foci  from  which  infection 
spreads  through  the  air. 

It  is  desirable  to  make  arrangements  for  warming 
the  air  passing  into  the  wards.  This  may  be  done  by 
means  of  ventilating  fire-grates,  ventilating  stoves,  or 
coils  of  hot  pipes  at  the  inlets.  Windows,  Shering- 
hams,  and  Tobins  may  suffice  in  warm  weather.  It  is 
a  common  practice  to  place  the  inlets  under  beds,  with 
the  intention  of  avoiding  draughts,  and  supplying  the 
purest  air  close  to  the  patients. 

In  the  most  approved  plans  a  cross-ventilated 
corridor  or  ante-room  leads  from  one  corner  of  the 
ward  to  the  water-closets  and  slop  sinks,  and  the  bath- 
room and  lavatory  are  similarly  placed  at  the  adjoin- 
ing corner.  At  the  opposite  end  is  a  nurse's  room 
with  a  window  overlooking  the  ward. 

Hospitals  for  infectious  diseases.— 
Eeference  has  already  been  made  to  the  need  for 
greater  cubic  space  and  ventilation  in  such  hospitals, 
and  to  the  importance  of  guarding  against  the  tend- 
ency to  aerial  spread  of  infection  in  certain  diseases. 
The  communication  with  the  outside  has  also  to  be 
kept   under   strict    control.      It  is  desirable  that 
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"  Isolation  Hospitals  "  should  themselves  be  isolated 
from  other  buildings,  and  even  from  thorough- 
fares, by  reserving  as  wide  an  open  space  as  pos- 
sible. The  boundary  walls  should  be  6^  feet  high. 
Each  disease  must  be  isolated  separately,  and  if 
possible  in  separate  blocks,  not  less  than  40  feet 
apart,  and  the  same  distance  from  the  boundary.* 
There  should  be  no  communication  whatever  between 
the  different  blocks,  and  the  intercourse  with 
the  common  administrative  department  should  be 
as  little  as  possible.  As  regards  structure  and 
arrangement  of  wards  the  standards  named  in  re- 
spect of  general  hospitals  apply.  A  special  block  con- 
taining at  least  two  or  three  small  wards  is  necessary 
for  doubtful  cases,  or  cases  not  received  into  the  prin- 
cipal wards.  The  site  should  be  high  and  airy,  on  dry 
gravelly  soil,  removed  from  buildings  but  not  too  ex- 
posed. It  should  not  in  any  case  be  less  than  2  acres 
in  extent,  and  the  number  of  patients  per  acre  should 
not  much  exceed  20, 

The  essential  parts  of  a  hospital  for  infectious 
diseases  are — 

1.  An  administrative  block,  including  rooms  for 
the  medical  officers,  matron,  nurses,  and  servants ; 
dispensary,  kitchen,  scullery,  larder,  and  pantry ; 
laundry,  linen-room,  stoi'e-roora,  coal-cellar,  bathrooms, 
closets,  etc.  etc, 

2,  Hospital  blocks,  namely,  at  least  one  for  each 
disease  to  be  isolated,  and  in  each  block  at  least  two 
principal  wards,  one  for  each  .sex.  Additional  small 
wards  for  one  or  two  beds  are  desirable.    An  "iso- 

♦  Tlie  L.G,B,  require  (1902)  that  a  sinall-pox  liospital  should  not  be 
so  placed  as  to  have  within  a  quarter  of  a  mile  a  hospital  (whether  for 
infectious  diseases  or  not),  a  workhouse,  or  any  similar  establishment,  or 
a  poiiulation  of  200  persons;  or  within  half  a  mile  a  population  of  600 
persons,  whether  in  one  or  more  institutions  or  in  dwelling-houses  ;  even 
where  the  above  conditions  are  fullllled  a  hospital  must  not  be  used  at 
one  and  the  same  time  for  tlie  reception  of  cases  of  small-pox  and  of  any 
other  kind  of  disease. 
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lation  block,"  consisting  entirely  of  small  wards,  is  most 
useful.  Besides  the  wards,  closets,  sinks,  and  bathrooms, 
each  block  should  contain  a  nurse's  room,  overlooking 
the  ward,  and  so  arranged  jis  to  serve  as  a  scullery 
and  ward-kitchen  for  minor  cookery  ;  linen-room, 
store-room,  and  coal-place.  The  mirse's  sleeping-room 
must  be  away  from  the  wai'ds ;  it  may  be  in  the  same 
block,  but  is  more  usually  placed  in  the  administrative 
block.  Arraugemente  must  be  made  for  the  patients 
from  each  block  to  take  exercise  in  the  grounds 
without  coming  into  contact  with  each  other.  Small- 
pox hospitals  should  be  entirely  independent  of  those 
for  other  diseases. 

3.  Mortuary  and  post-mortem  room  ;  disinfecting 
room  ;  stable  and  ambulance  shed  ;  porter's  lodge,  etc. 
etc.  The  drainage,  water  supply,  and  arrangements 
for  heating  need  no  special  mention. 

Cost. — The  expenses  to  be  incurred  in  respect  of 
isolation  hospitals  are  classified  under  the  Isolation 
Hospitals  Act  as  structural,  establishment,  and 
patients'  expenses.  We  may  first  consider  the  capital 
or  sti'uctural  outlay.  The  great  cost  of  permanent 
hospitals — rarely  less  than  .£200  and  sometimes  £400 
per  bed — has  led  to  the  substitution  in  many  cases  of 
temporary  structures,  more  especially  in  the  presence 
of  an  epidemic,  when  rapidity  of  construction  is  the 
first  consideration  (£20-<£50  per  bed).  These  may  be 
tents  or  buildings  of  wood  and  galvanised  or  corrugated 
iron.  Wooden  hospitals  are  common,  and  can  be  run  up 
in  two  or  three  weeks.  The  walls  must  be  made  double, 
and  it  has  been  found  advisable  to  fill  up  the  hollow 
with  sawdust.  The  floors  must  be  raised  above  the 
surface  of  the  ground.  The  roof  may  be  slated  or 
tar-felted.  The  foundation  required  is  generally  a 
four-course  brickwork  with  air-bricks  and  damp- 
proof  course.  The  dimensions  and  arrangements 
can  be  made  the  same  as  in  permanent  buildings. 
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The  same  may  be  said  of  galvanised  iron  huts, 
wliich  are  often  used  for  hospital  pui'poses.  Tents 
can  be  erected  still  more  rapidly,  upon  a  wooden 
floor  raised  above  the  level  of  the  ground.  The 
canvas  should  be  double.  Kecently  other  forms  of 
temporary  hospitals  have  come  into  use,  including 
those  of  Dceckcr  and  Ducker  types.  Both  of  them 
are  convenient  in  use,  and  can  be  erected  at  a  few 
hours'  notice.  They  consist  of  a  stout  waterproof 
material  stretched  upon  wooden  frames,  so  shaped  and 
numbered  that  they  can  be  speedily  put  together  to 
foi-m  a  complete  and  weather-proof  hut,  ready  for  the 
reception  of  patients.  Willesden  waterproof  paper  is 
also  used  for  the  construction  of  huts.  Sometimes  a 
composite  construction  has  been  preferred,  with  an 
administrative  block  of  stone  or  brick,  and  pavilion 
wards  of  corrugated  iron  and  wood  costing  about 
c£120  a  bed.  It  should  be  added  that  the  L.G.B. 
does  not  as  a  rule  sanction  loans  for  the  construction 
of  temporary  hospitals. 

Their  comparative  cheapness  and  the  rapidity  with  which 
they  can  be  erected  are  important  points  in  favour  of  tem- 
porary hospitals,  but  nevertheless  their  proper  function  is  to 
supplement,  and  not  to  supersede,  pei-manent  buildings  of 
bricic  or  stone.  They  are  less  attractive  in  appearance  thaii 
the  latter,  less  comfortable,  and  more  difficult  to  ventilate 
efficiently,  and  to  keep  warm  or  cool.  True  disinfection,  such 
as  to  fit  them  for  the  reception  of  cas'es  of  different  diseases,  if 
not  impossible,  is  at  least  less  easy  and  less  certain  than  in 
buildings  with  hard  non-absorbent  surfaces,  free  from  pores 
and  crevices.  Their  durability  is  far  less  than  that  of  a  jjer- 
manent  building,  and  an  annually  increasing  outlay  is  needed 
in  order  to  keep  them  in  habitable  repair.  It  is  often  claimed 
on  behalf  of  temporary  hospitals  that  no  disinfection  is  neces- 
sary, since  they  can  be  burnt  at  the  end  of  the  epidemic,  and 
renewed  ;  but  this  plan,  which  would  very  soon  prove  more 
costly  than  the  erection  of  permanent  hospitals,  has  rarely, 
if  ever,  been  put  into  practice.  The  economy  in  first 
cost  is  great,  but  is  usually  exaggeratd.  It  must  be  remem- 
bered that  the  cost  of  erecting  a  permanent  ho.spital,  as 
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ordinarily  stated,  includes  the  preparation  and  layini^  out 
of  the  site,  fencing,  drainage,  water  and  gas  supply,  erec- 
tion of  accensory  buildings,  such  as  mortuary,  disinfector, 
lodge,  etc.,  and  the  whole  cost  of  the  administrative 
hlock.  These  are  not  usually  included  in  the  stated  cost  of 
"temporary"  hospitals,  although  just  as  essential  in  tho  ono 
case  as  the  other.  Furthermore,  tho  cost  per  bed  largely 
depends  on  the  number  of  beds  that  are  allowed  in  a  given 
cubic  space,  and  it  will  be  found  that,  if  the  standard  adopted 
in  permanent  hospitals  is  applied  to  all,  tho  nominal  accommo- 
dation in  temporary  hospitals  will  often  be  reduced  by  one 
half,  or  more.  If  the  comparison  is  made  upon  equal  terms, 
the  saving  in  first  cost  is  insufficient  to  compensate  for  the 
want  of  durability,  and  for  every  purpose  of  use  permanent 
hospitals  have  great  advantages.  The  liability  to  fire  must 
not  be  forgotten.  The  only  real  advantage  of  temporary 
hospitals  is,  therefore,  the  rapiditj'-  of  erection,  and  (except  as 
a  supplementary  provision)  this  can  only  be  important  when 
the  8.A.  has  failed  in  its  obvious  duty  of  providing  a  hospital 
without  waiting  for  an  epidemic.  It  is  then  frequently  too 
late,  however  speedily  the  hospital  is  got  ready.  Means  of 
isolation  aie  needed  at  all  times,  in  every  large  community, 
and  it  is  even  more  important  to  endeavour  to  delay  and 
prevent  outbreaks  by  secluding  a  few  "sporadic"  cases  than 
to  grapple  with  epidemics  already  in  existence. 

In  addition  to  the  structural  expenses  there  are 
the  establishment  costs,  which  include  all  expenses  of 
maintenance,  repairs,  salaries,  etc.,  working  out  often 
at  about  £20  to  £30  per  bed  per  annum.  Then 
there  remain  the  expenses  of  removing,  feeding  and 
providing  for  the  patients,  including  medicine,  appli- 
ances, disinfection,  etc.  Many  hospitals  would 
average  say  £10  or  £12  per  patient  per  annum. 

]\^uiiiber  of  beds. — The  number  of  beds  which 
should  be  pi'ovided  has  been  .stated  as  one  for 
each  thousand  of ,  pojndation,  but  such  an  esti- 
mate can  only  be  of  the  roughest  kind.  Much 
depends  upon  the  chaj'acter  of  the  population,  upon 
the  number  of  diseases  Avhich  it  is  proposed  to 
isolate,  upon  the  thoroughness  or  the  reverse  with 
which  the  policy  of  isolation  is  to  be  carried  out, 


Chap.  VIII.] 


Isolation  Hospitals. 


229 


and  lastly  upon  the  question  whether  the  hospital  is 
intended  to  be  a  final  and  inelastic  establishment,  or 
merely  a  permanent  provision  sufiicient  for  non- 
epidemic  times  but  capable  of  rapid  extension  at  a  few 
days'  notice  in  the  event  of  serious  epidemic.  It  is  ob- 
vious also  that  averages  are  of  little  use  as  indicating 
the  maximum  possible  demand  for  hospital  accom- 
modation at  any  given  date,  and  it  is  not  to  be 
assumed  that  only  one  disease  will  be  epidemic  at  one 
time. 

By  general  consent  small  -  pox,  scarlet  -  fever, 
diphtheria,  enteric  fever,  plague,  and  typhus  are 
diseases  which,  for  the  public  safety,  ought  to  be 
treated  in  hospital  whenever  possible.  Experience 
has  shown  that  with  compulsory  notification  and 
free  hosjntals  it  is  possible  to  get  into  hospital  practic- 
ally all  the  small-pox,  a  great  majority  of  the 
scarlet-fever,  diphtheria,  and  enteric  cases,  and  all  the 
plague  and  typhus  cases,  without  recourse  to  com- 
pulsion. For  reasons  stated  elsewhere  it  appears  to 
be  very  doubtful  whether  the  time  has  yet  come  for 
the  isolation  of  measles  or  whooping-cough  upon 
a  sufiicient  scale  to  be  of  any  practical  use ;  if, 
however,  cases  of  special  urgency  occurred,  the 
small  wards  would  afford  means  of  isolating  them. 

To  sum  up,  therefore,  the  provision  of  one  bed  per 
thousand  population  is  not  likely  to  be  found  exces- 
sive. Indeed,  it  will  not  suffice  in  the  event  of 
ej)idemics,  and  if  such  diseases  as  measles  and  whoop- 
ing cough  are  to  be  isolated,  large  additions  will 
be  necessary.  It  is,  therefore,  advisable  to  reserve 
a  liberal  area  for  future  extensions,  temporary  or 
otherwise,  and  to  construct  the  administrative  por- 
tions upon  such  a  scale  as  to  suffice  in  case  of  such 
extension  of  the  isolation  blocks.  The  wards  should 
be  so  constructed  as  to  admit  of  disinfection,  so 
that  the  greatest  number  of  beds  may  always  be 
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available  for  whatever  disease  is  prevalent  at  the 
time.  This  can  be  done  with  safety  and  without 
difficulty  if  all  the  internal  surfaces  are  impermeable. 
The  wards,  whatever  the  number  of  beds,  must  be 
sufficiently  numerous  to  allow  of  the  separation  of 
the  sexes  wherever  necessary,  as  well  as  the  isolation 
of  the  several  diseases  one  from  another. 

It  is  of  the  utmost  importance,  if  isolation  is  at- 
tempted upon  the  large  scale,  to  make  the  hospitals 
free,  and  this  is  only  reasonable,  since  the  public  gain 
at  least  as  much  as  the  patient  by  his  seclusion.  The 
Sanitary  Authority  must  not  regard  removal  to  hospital 
merely  as  a  privilege  sought  by  the  patient  and  his 
friends,  but  as  a  concession  on  their  part  to 
the  public  safety.  Any  charges,  however  small  and 
readily  remitted,  are  deterrent  in  the  very  cases  in 
which  isolation  is  most  needed.  The  revenue  from 
patients'  fees  is  at  best  a  small  fraction  of  the  cost 
of  maintenance,  and  the  wholesale  remission  of  them 
— without  which  the  isolation  of  cases  among  the 
working  classes  is  impracticable — has  an  appearance 
of  charity  which  is  naturally  resented.  An  excep- 
tion may  be  made  in  respect  of  the  wealthy,  who  are 
willing  to  pay  suitable  fees  for  the  use  of  private 
wards  and  special  nurses. 

Effect  of  liospital  isolalioii.— The  justifica- 
tion for  isolation  is  based  on  the  broad  around  that 
certain  diseases  are  infectious ;  that  is,  are  readily 
transmissible  from  the  sick  to  the  healthy.  Infected 
persons  act  therefore  as  foci  of  the  disease,  and  where 
such  persons  are  left  in  the  midst  of  densely  populated 
communities  there  is  a  greater  tendency  for  the 
disease  to  spread  than  if  such  persons  are  isolated  away 
from  others.  Although  it  may  be  possible  to  isolate 
almost  any  case  of  infectious  disease  in  a  large 
house,  where  all  the  requisite  precautions  can  be 
rigidly   maintained  during  the  whole  period  of  in- 
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fectiousness,  it  maybe  stated  broadly  that  "home 
isohition "  ill  smaller  houses  cannot  l)e  carried 
ont  in  its  entirety.  In  liouses  of  the  working  class, 
for  cxam[)le,  not  one  case  of  scarlet-fever  in  a  hundred 
is,  or  can  possibly  be,  properly  isolated,  during  the 
whole  period  of  still  infectious  convalescence,  from 
the  rest  of  the  household,  or  even  from  the  public. 
Medical  supervision  is  usually  withdrawn  at  the 
end  of  the  acute  stage  of  illness.  Where  satisfactory 
isolation  can  be  provided  at  home,  hospital  isolation 
may  be  unnecessary,  and  if  a  hospital  is  iDadly 
administered,  or  there  is  overcrowding,  such  home 
isolation  may  even  be  preferable.  There  can  be  no 
doubt  that  the  separation  of  the  sick  from  the 
healthy  has  been  invaluable  in  preventing  the  spread 
of  disease,  although  instances  are  not  rare  in  which 
hospital  isolation  has  failed  to  give  satisfactory  results. 
This  is  not  surprising  when  it  is  remembered  that 
the  isolation  has  often  been  partial,  and  the  aggre- 
gation of  infectious  persons,  more  especially  in  times 
of  epidemic  pi-essure,  carried  too  far.  Many  of  the 
factors  which  determine  epidemic  and  endemic 
prevalence  of  disease  are  still  obscure,  and  it  is  only 
within  the  last  30  years  that  we  have  begun  to 
appreciate  the  germ  theory  and  what  it  means  in 
actual  practice.  The  hospital  cases  include  many  of 
the  more  virulent  kind,  and  many  from  homes  where 
means  of  isolation  are  most  inadequate,  and  the 
removal  of  these  cannot  have  failed  to  limit  infection. 

It  has  been  contended,  on  the  basis  of  certain 
local  statistics  of  notification,  isolation,  and  deaths, 
that  isolation  has  failed  materially  to  reduce  the 
prevalence  and  fatality  of  scarlet-fever,  and  that  the 
fatality  has  fallen  more  in  towns  which  have  not 
practised  hospital  isolation  than  in  those  which 
have  ;  and  this  has  been  attributed  to  a  "  hospitalised 
strain "  of  scarlet-fever  in  the  latter  {Millard). 
I* 
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Hospital  isolation  has  also  been  criticised  on  the 
ground  of  "  return  cases  "  of  scarlet-fever ;  that  is, 
secondary  cases  of  the  disease  occuri-ing  in  the  same 
household  after  the  return  home  of  the  primary  patient 
from  hospital.  These  have  been  found  to  be  aljout 
1  '3  per  cent,  of  the  number  discharged.  Simpson  has 
shown  that  80  per  cent,  of  such  return  cases  ai-e  due 
to  discharges  from  mucous  membranes,  such  dis- 
charges being  in  all  probability  the  carriers  and  not 
the  causal  agents  of  infection.  Local  and  antiseptic 
treatment  combined  with  transfei'ence  to  less  infective 
wards  before  leaving  are  likely  to  be  more  effective 
in  preventing  return  cases  than  long  detention 
(^Sim2}son). 

In  dealing  statistically  with  this  question  it  has 
to  be  remembered  that  we  know  nothing  of  what  the 
figures  would  have  been  in  the  absence  of  hospital 
isolation,  under  the  same  conditions  of  increasing 
density  of  population.  It  is  certainly  true  that 
scarlet-fever  has  not  been  eradicated,  and  the  milder 
type  of  the  disease  now  prevalent  (as  in  Sydenham's 
time)  adds  to  the  risk  of  undetected  cases,  in  which 
no  question  of  isolation  of  any  kind  arises.  The 
causal  agent  and  the  conditions  which  increase  or 
lessen  its  virulence  are  also  at  present  unknown. 

Broadly,  it  may  be  said  that  any  limitation  of  the 
spread  of  infection  by  personal  contact  must  reduce 
the  prevalence  of  the  disease,  and  that  therefore,  if 
rightly  managed,  under  proper  conditions,  hospital 
isolation  is  of  direct  and  marked  value  in  the  reduc- 
tion of  scarlet-fever.  The  only  alternative,  the  so- 
called  home  isolation,  affords  no  2:)rospect  of  safety. 
Further,  it  must  not  be  forgotten  that  the 
isolation  of  cases  of  this  disease  in  hospital  prevents 
the  infection  of  milk,  houses,  clothes,  niaterials,  etc., 
with  the  virus  of  the  disease. 
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CHAPTER  IX. 

E  KM  OVAL    OF  REFUSE. 

The  waste  matter  from  households  comprises  (1)  liquid 
refuse,  including  water  used  for  washing,  and  slop- 
water  ;  (2)  ashes,  and  vegetable  and  aniiTial  refuse ; 
and  (3)  excreta. 

Drainage  is  necessary  for  dealing  with  the  first,  and 
some  system  of  dry  removal  for  the  second.  The 
excreta  may  be  disposed  of  in  conjunction  with  the 
former  ("water-carriage"),  or  with  the  latter  (privy- 
middens,  ash-closets),  or  independently  (earth-closets, 
privies,  or  pail-closets  without  admixture  of  ashes). 

Drainage.— A  drain  means  any  pipe  used  for 
the  drainage  of  one  building  or  premises,  A  sewer 
is  a  drain  receiving  the  drainage  of  two  or  more 
premises.  The  former  is  vested  in  the  owner,  the 
latter  in  the  S.A, 

Drains  are  intended  to  remove  from  the  house 
the  liquid  and  much  of  the  solid  filth  that  is  pro- 
duced within  it,  and  they  should  be  so  constructed 
that  in  no  circumstances  can  their  contents,  liquid, 
solid,  or  gaseous,  escape  from  them  at  any  but 
the  points  specially  provided  for  this  purpose.  This 
result  is  attained  by  the  choice  of  proper  materials  for 
their  construction  and  by  sound  workmanship,  by 
trapping  all  inlets  so  as  to  prevent  the  egress  of  drain- 
gases,  and,  lastly,  by  efficient  ventilation  at  suitable 
points. 

A  trap  in  its  simplest  form  is  a  mere  bend  in  a 
pipe  which  retains  water  and  thus  prevents  air  from 
passing  through  it.  For  this  purpose  it  is  only 
necessary  that  the  bend  shall  be  sufficient  to  place  some 
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portion  of  tlio  upper  surface  of  the  pipe  below  tlie  water 
level,  the  seal  of  the  trap  bein<^  the  <lifference  hetwc^eii 
the  surface  of  the  water  and  the  depi-ession  at  this 
l)oint.  'J'hus,  in  the  diagram  (Fig.  10),  the  seal  is 
the  water  between  a  and  b. 

A  water-seal  alone  will  not  always  prevent  the 
passage  of  gases  and  particulate  matter  through  it. 

Gases  in  the  drain  can  be 
absorljed  by  the  trapping  water 
and  given  off  from  its  upper  sur- 
face. Ammonia  has  Ijeeu  found 
to  become  perceptible  through 
an  unbroken  trap  in  fifteen 
minutes.  Moreover,  when  the 
water  remains  stagnant,  bubbles 
of  putrefactive  gases  may  be 
formed,  and,  by  tlieir  bursting, 
particulate  matter  may  be  di.s- 
charged.  Occasional  changing  of 
the  trapping  water  is  necessar}^ 
and  the  drain  must  be  ventilated 
to  prevent  its  air  contents  from  becomiiig  too  foul,  or' 
subjected  to  so  much  pres-sm^e  that  the  water-seal  is 
forced.  A  trap  to  fulfil  all  these  requirements  must 
be  self-cleansing  and  must  maintain  an  effectual  .seal 
between  the  drain  and  the  outer  air.  For  the  former 
purpose  it  must  be  free  from  all  angles  and  corners 
that  can  retain  filth,  and  for  the  latter  it  must  have 
a  water-seal  not  less  than  1^-  inch  deep. 

The  seal  is  liable  to  be  broken  by  a  number  of 
circumstances.  First,  pressure  within  the  drain  may 
force  its  air  contents  through  the  trap.  This  can  be 
prevented  by  ventilation  of  the  drain.  Secondly,  if 
the  momentum  of  the  water  discharge  be  gi'eat,  the 
water  in  the  trap  may  be  driven  out.  This  can  be 
obviated  by  shaping  the  trap  so  that  the  water-holding 
portion  is  contracted,  and  the  descending  arm  is  larger 


Fig.  10.— Siphon  Trap  (S- 
trap)  with  access  .screw- 
phig  for  cleausin,!,'. 
a,  b,  tlie  ^onl. 
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and  square  at  the  outlet.  Thirdly,  if  the  descending 
arm  is  long  and  runs  full  it  may  empty  the  trap  by 
siphon  action.  This  can  be  avoided  by  ventilating  the 
top  of  the  trap  beyond  the  seal.  Fourthly,  the  same 
result  will  sometimes  follow  when  two  or  more  pipes 
are  connected  together,  the  discharge  from  one  sucking 
out  the  water  fronirthe  trap  of  the  other.  This  can 
be  i)revented  in  like  manner.  Lastly,  the  seal  may 
disappear  by  evaporation,  if  the  trap  is  little  used. 

Bra  'miKje  of  the  subsoil  of  a  house  is  not  necessary  in  all  cases, 
but  when  the  site  is  damp  some  provision  of  the  kind  should  be 
made.  The  drain  laid  for  this  purpose  should  consist  of  suit- 
able earthenware  pipes  with  the  joints  luft  open,  and  laid  to  a 
proper  outfall,  preferably  in  the  open  air,  but  if  into  a  drain 
connected  with  the  sewer,  the  connection  should  never  be 
direct.  The  subsoil  drain  should  ulways  discharge  into  a 
trap,  and  should  be  ventilated  at  or  near  the  trap  by  a  shaft 
or  upright  pipe  carried  above  the  surface. 

Tlie  dmiii  must  be  laid  with  a  sufficient  fall 
for  the  purpose  of  enabling  it  to  clear  itself  of  its 
solid  and  fluid  contents,  and  it  is  generally  accepted 
that  this  should  be  one  in  forty,  giving  a  velocity 
of  flow  in  a  4-inch  drain  of  about  3  feet  per  second."* 
Further,  in  dischai'ging  into  a  sewer,  the  drain  should 
be  connecteel  with  the  lower  half  diameter  of  the  sewer. 

The  drain  should  be  constructed  of  glazed  stone- 
ware pipes  with  cemented  watertight  joints,  or 
preferably,  if  the  drain  be  beneath  a  building,  of  iron 
pipes  (of  which  the  interior  has  been  coated  with 
Angus  Smith's  solution)  jointed  with  lead.  In  all 
circumstances  the  drain  should  be  laid  on  a  bed  of 
concrete,  and  if  it  be  made  of  any  other  material 
than  iron  the  whole  drain  should  be  embedded  in 
concrete.  It  is  customary  to  use  drains  having  a 
diameter  of  6  inches,  but  a  four-inch  diameter  is 

*  Magiiire's  "decimal"  rule  is  convenient  but  not  invariably  prac- 
ticable ;  1  in  40  is  a  proper  fall  for  a  4-incli.  pipe,  1  in  60  for  a  6-inch  pipe, 
1  in  90  lor  a  y-incli  piiie.  - 
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frequently  sufficient  lor  houses  of  moderate  size.  It 
sliould  never      less  than  this. 

As  a  general  rule,  the  drain  .should  not  be  laid 
beneath  a  building,  but  in  the  case  of  terrace  houses 
it  is  often  impossible  to  adopt  any  other  plan.  In  this 
situation  the  di-ain  must  be  laid  in  a  direct  line 
beneath  the  bviilding  and  be  embedded  and  covered 
in  concrete  not  less  than  6  inches  thick ;  the  top  of 
the  drain  at  its  highest  point  must  not  be  less  than  a 
distance  equal  to  the  full  diameter  of  the  drain  below 
the  surface  of  the  ground  under  the  building.  Means 
of  access  should  be  provided  outside  the  house. 

An  important  point  in  connection  with  drain  con- 
struction is  the  prevention  of  air  from  the  sewer 
passing  into  the  drain,  or  from  the  drain  into  the 
house.  The  former  of  these  risks  is  guarded  against 
by  the  insertion  of  a  trap  in  the  drain  (interceptor) 
as  near  as  possible  to  the  point  of  its  connection  with 
the  sewer.  Such  an  interceptor  is  usually  pro- 
vided with  a  "  raking  arm "  into  the  drain.  The 
drain  should  be  ventilated  immediately  on  the 
house  side  of  the  trap,  by  a  shaft  carried  up  above  the 
ground  level  ;  this  will  serve  a  double  purpose,  by  ad- 
mitting fresh  air  into  the  drain,  and  also  affording  a  free 
outlet  in  case  the  trap  is  forced  by  pressui-e  of  sewer  air. 
The  opinion  appears  to  be  gaining  ground  that  if 
drains  are  properly  laid  in  concrete,  and  the  ventilat- 
ing pipe  is  carried  up  above  the  roof,  interceptors  a.re 
not  necessary ;  that  if  the  ventilating  pipe  of  every 
house  drain  (whether  soil  pipe  or  not)  acted  as  a 
ventilator  to  the  sewei',  the  amount  of  foul  air  escaping 
would  be  so  thoroughly  and  widely  distributed  as  to 
create  no  nuisance  ;  and  that  the  interceptor  may  cause 
stoppage  of  the  drain,  especially  if  the  gradient  be 
slight.  It  should  be  added  that,  as  a  rule,  bye-laws 
require  an  interceptor,  with  access  thei'eto.  A 
more    complete    and    necessarily   a    more  costly 


Chap.  IX.] 


Inspection  Chamber. 


239 


arrangement  is  that  of  an  insjjection  chamber  at  this 
point  (Fig.  11);  the  drain  is  continued  through 
this  chamber  in  earthenware  channels,  and  the  arm  in 
the  trap,  which  is  intended  to  allow  the  drain  to  be 
cleared  between  the  trap  and  the  sewer,  is  extended 
into  the  chamber.  Branch  drains  are  connected  with 
the  main  channel  by  branch  channels  in  the  floor  of 
the  inspection  chamber. 

In  connecting  drains  with  one  another,  no  right- 


GROUND  COVER 


Fig.  11. — Disconnection  (Inspection)  Cliaml)ei\ 
A, "  rakiug-anu,"  closed  by  a  cap. 


angle  joints  must  be  formed,  either  vertical  or  hori- 
zontal.  They  must  be  made  to  join  obliquely  in  the 
direction  of  the  flow. 

The  second  risk,  that  of  air  from  the  drain  entering 
the  house,  is  guarded  against  (1)  by  ventilation  of  the 
drain ;  (2)  by  trapping  all  inlets  to  the  drain,  except 
those  required  for  its  ventilation  ;  (3)  by  trapping  and 
disconnecting  all  indoor  drain  inlets ;  (4)  by  proper 
jointings  and  etiicient  plumbing. 

The  proper  ventilation  of  the  drain  is  secured  by 
continuing  the  soil  pipe  in  its  full  diameter  above  the 
level  of  the  roof.  By  this  means  air  entering  by  the 
opening  near  the  trap  in  the  main  drain  can  pass  along 
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the  whole  drain,  and  issne  from  the  soil-pipe.  The 
openings  referred  to  must  be  covered  with  suitaljle 
gratings  to  keep  out  leaVes  and  dii-t,  and  to  prevent 
birds  from  building  n(;sts  in  them,  the  0})en  spaces  in 
each  grating  being  at  least  equal  to  the  section  of  tlie 
jDijie  thus  covered.     The  sectional  area  of  the  venti- 


any  accident  the 
junction  of  the  soil  pipe  with  tlie  drain  should  be 
opened,  the  escape  of  gas  will  be  into  the  open  air. 

Whether  the  soil  pipe  is  used  for  the  purposes  of 
ventilation  or  not,  bends  in  its  course  should  be 
avoided  as  far  as  possible.  As  a  general  rule,  the 
diameter  should  be  4  inches.  Iron  and  lead  are  both 
used ;  lead  is  more  expensive  but  more  durable,  and 
free  from  joints  that  may  become  loose.  Rolled  (i.e. 
seamless)  lead  is  necessary  if  the  soil  pipe  is  inside 
tlie  house. 

The  old  practice  of  trapping  the  foot  of  the  soil 
pipe  is  inadmissible,  since  it  prevents  ventilation  and 
impedes  the  escape  of  sewage. 

Waste-pipes. — The  overflow  of  a  cistern  should 
simply  be  carried  through  an  external  wall  to  dis- 
charge in  the  open,  so  that  no  drain  gases  can  enter 
the  cistern,  and  Avaste  of  water  from  faulty  apparatus 
is  at  once  seen.    But  the  foul-water  wastes  of  sinks, 


lating  pipe  should  not  be 


less  than  that  of  the  di'ain 


which  it  ventilates. 


Fig.  12.— Yard  GuUy. 


Soil  pipes 
should  be  situated 
on  the  outer  walls 
of  the  house,  and 
tlieir  junction  with 
the  drain,  often  a 
weak  point  in  con- 
sti'uction,  will  then 
be  outside  the 
house.    If  through 
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lavatories,  and  batlis  must  be  differently  dealt  with. 
Slop-sinks  used  for  disposal  of  urine  must  be  treated 
as  water-closets,  but  all  other  wastes 
should  be  made  to  discharge  over 
trapped  gullies  in  the  open  air.  Such 
disconnection  renders  it  impossible  for 
the  air  from  the  drain  to  enter  the 
house. 

A  suitable  form  of  gullj'-trap  is  shown 
in  Fig.  VI.  Here  the  WHSte  pipe  discharges 
through  a  side  opening  beneath  the  grating, 
and  above  the  water  in  the  trap.  The 
grating  must  be  largo,  with  a  free  opening 
kept  constantly  clear,  or  else  the  primary 
object  of  disconnection  is  lost.  More  commonly  the  waste- 
pipe  pours  ovei'  the  grating,  with  more  eifective  disconnec- 
tiqn  but  some  risk  of  splashing.  Neither  of  these  methods 
complies  with  the  requirements  of  the  Model  Byc-laws  that  the 
waste-pipe  shall  discharge  over  a  channel  leading  to  a  trapped 
gully  grating  at  least  18  inches  away. 

Waste-pipes  should  always  be  trapped,  and  the  trap  situated 
as  near  as  possible  to  the  sink  or  bath.  The  interior  of  the 
pipe  becomes  coated  with  decomposing  soap  or  fat,  which  is 
itself  offensive ;  the  higher  temperature  of  the  interior  of  the 
house  leads  to  an  offensive  in-draught  through  an  untrapped 
pipe,  still  more  marked  after  the  pipe  has  been  huated  bj" 
discharge  of  hot  water. 

A  convenient  form  of  trap  is  one  shaped  like  an  S  (Fig. 

10),  and  litted  with  a  screw  at  its 
lowest  point,  by  the  removal  of 
which  it  is  possible  to  cleanse  the 
trap.  Where  the  momentum  of  the 
water-discharge  is  great,  a  useful 
moditieation  of  the  trap  is  tluit 
shown  in  Fig.  13,  by  which  the  un- 
sealing of  the  trap  is  prevented. 

Fig.  14.— Bell  Trail.  From  the  trap  the  waste 

should  be  carried  as  rapidly  as 
possible  through  the  wall,  and  then  descend  to  the 
gully.  When  the  waste-j^ipe  is  long,  or  when  two  or 
more  waste-pipes  are  connected,  ventilation  of  the 
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trap  is  needed  to  prevent  siphonage,  and  is  effected  by 
an  air-pipe  passing  from  tlie  top  of  the  trap,  beyond 
the  seal,  to  the  open  air.  The  common  "  bell  trap  " 
shown  in  Fig.  14  is  open  to  more 
than  one  ol)jection  ;  the  depth  of 
the  seal  is  inadequate  (about  I 
inch) ;  it  readily  becomes  choked 
with  grease,  being  far  from  self- 
cleansing,  and  as  a  result  the  grat- 
ing is  often  removed  to  let  the 
water  pass  away,  and  on  each  such 
occasion  the  waste  -  pipe  is  un- 
trapped. 

The  D-trap  shown  in  Fig.  22  is 
as  it  readily  becomes  filthy,  and 


Fig.  15.— Antill's 
Trap. 

the  worst  of  all. 


always  leads  to  the  retention  of  a  large  amount  of 
offensive  matter. 

In  large  households  the  gully  into  which  the 
scullery  sink  waste  discharges  is  liable  to  become 
choked  by  sand  and  grease  (solidifying  on  cooling). 
In  such  cases  frequent  cleansing  is  essential.  A 
"grease-trap"  {i.e.  a  gully,  so  constructed  that  the 
outflow  of  liquid  is  not  prevented  by  solid  accumula- 
tion   at  the 


from" 
■sink: 


GREASE 


: -WATER : 


surface  or  bot- 
tom), such  as 
is  shown  in 
Fig.  16,  is  some- 
times adopted. 

Wastes 
from  sinks  and 
baths  in  upper 
storeys  are 

sometimes  discharged  into  the  head  of  a  large  pipe, 
which  may  or  may  not  also  receive  rain-water.  This 
receives  disconnection,  but  is  liable  to  cause  nuisance, 
by  fouling  of  the  large  pipe  with  soapsuds  and  grease. 


SOLID 

Fig.  10.— Grease  Trap. 
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A  better  arrangement  is  to  carry  the  waste  directly 
to  the  gully,  due  precautions  being  taken  against 
siphonage.  A  waste-pipe  of  1^  inch  diameter  is 
siitticient  even  for  baths,  and  if  two  or  more  be  joined, 
they  may  discharge  into  a  somewhat  larger  pipe;  a 
ventilating  pipe  being  carried  from  the  upper  end 
of  the  common  pipe  to  some  convenient  position  above 
the  level  of  the  windows. 

Tlie  rain-water  jJipe  should  not  be  used  as  a  soil 
pipe,  or  as  a  venti- 
lating pipe  to  the 
drain.  Thorough 
ventilation  of  the 
drain  is  most  needed 
at  times  of  heavy 
rain,  when  the  rain- 
water pipe  is  least 
able  to  act  in  this 
way ;  and  as  the 
rain-pipe  cannot  be 
carried  above  the 
eaves  of  the  roof,  it 
often  discharges  its 
air  contents  too  near 
to  a  window.  For 
the  latter  reason  this 
pipe  should  not  be  connected  with  the  drainage 
system,  but  should  be  made  to  discharge  over  a 
trapped  gully  or  a  channel  leading  thereto.  It  is 
well  that  a  waste  pipe  in  frequent  use  should  discharge 
into  the  same  trap,  thus  avoiding  risk  of  unsealing  by 
evaporation  in  dry  weather. 

In  small  houses  the  ordinary  discharge  of  liquid  is 
usually  sufficient  to  scour  the  drain  and  make  it  self 
cleansing,  but  where  necessary  this  can  be  supplemented 
by  a  Jlush-tank,  periodically  discharging  its  contents 
into  the  drain  (Fig.  17).    This  is  a  cistern  containing  a 
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largo  onttir  tube  closed  at  tlic  upper  end  and  in- 
verted over  a  snuill  inner  tube  a  «,  thus  forming 
a  siphon.  A  u  is  open  at  tlie  toj),  and  passes 
A^ertically  down  through  the  tank,  to  dip  slightly 
\uider  the  surface  of  water  in  a  chamber  below 
the  tank,  the  water  in  this  lower  part  being  kept 
at  the  required  level  by  means  of  a  weir,  practic- 
ally forming  a  D-trap.  As  the  water  rises  in  the 
tank  from  the  discharge  into  it  of  a  tap  or  a  drain, 
some  of  it  eventually  runs  over  the  top  of  the  tube 
A  B  ;  carrying  with  it  air  which  is  forced  thi'ough  the 
water  at  B,  and  cannot  return ;  siphon  action  is 
started,  and  the  whole  contents  of  the  tank  are 
emptied  into  the  drain. 

Tesiinff  of  drains  and  soil  2fipcs  can  be  rao.st  effectually  done 
l)y  means  of  (a)  the  water  test.  For  the  purpose  of  testing  the 
horizontal  drain,  a  l^lug  is  inserted  at  that  portion  of  the  drain 
which  is  near  the  intei'ccpting  traj)  intervening  between  the 
drain  and  the  sewer ;  the  drain  is  then  chargea  with  water, 
care  being  taken  to  sue  that  there  is  no  leakage  through  or  at 
the  side  of  the  plug,  and  the  water  is  allowed  to  fill  the  drain 
to  the  top  of  one  of  the  surface  traps  connected  with  it.  At  the 
end  of  from  half  an  hour  to  an  hour  the  maintenance  or  subsi- 
dence of  the  water  level  in  this  trap  will  show  whether  there  is 
any  leakage.  In  testing  a  large  system  of  di-ainage  it  is 
necessary  to  take  each  section  separately.  In  testing  soil  pipes 
with  water,  the  plug  must  be  inserted  at  the  bottom,  and  if 
several  water-closets  are  connected  with  the  same  soil  pipe  the 
trap  of  each  must  be  plugged. 

(b)  Smoke  pumped  into  the  di-ains  previously  plugged  in  the 
same  way  serves  also  as  a  useful  test.  The  process  must  be 
continued  until  the  smoke  is  seen  issuing  from  the  soil  pipe  or 
ventilating  pipe,  and  if  several  of  these  arc  connected  with  the 
same  drainage  system  it  is  necessary  that  each  must  be  plugged 
at  the  top  as  smoke  issues  from  it  until  the  whole  system  is 
charged,  care  being  taken  to  prevent  the  smoke  from  being 
forced  through  the  traps  ;  smoke  in  these  circumstances,  when 
there  is  leakage,  soon  finds  its  way  into  the  interior  of  the 
house. 

(c)  Peppermint  was  fonnerly  used  in  the  same  waj- ;  two  or 
more  ounces  of  the  oil  was  either  poured  down  a  soil  pipe  with 
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a  pailful  of  boiling'  water,  or  down  some  trap  situated  outside 
the  house  connected  witli  the  soil  drain ;  the  scent  of  the  oil  of 
peppermint  found  its  way  into  the  house  in  the  event  of  de- 
fective pipes.  Chemical  "  testers  "  such  as  Kemp's  or  Kingzett's 
are  now  commonly  used.    These  are  composed  of  some  strongly 


Fig.  18.— Valve  Closet.  Yig.  19.— Long  Hopper 


A,  basin  :  Uushiug-rim  above  ;  ii,  trapped 
overHuw;  c  c,  valve,  I'losed  and  open  ; 
D.  valve-lioi ;  E  K,  safe  ;  F,  trap,  ven- 
tilated at  G. 


Fig.  21. — Wasli-down  or 
Short  Hopper  Closet. 


smelling  chemical,  e.g.  calcium  phosphide,  which,  when  moist, 
evolves  phosphoretted  hydrogen,  and  when  the  tester  is  washed 
into  the  drain  over  the  trap,  the  water  soaks  the  paper  fastener, 
and  the  spring  being  liberated  the  contents  escape.  If  the  drain 
be  defective  the  odour  escapes  into  the  house  in  about  fifteen 
minutes. 
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The  sui-faces  of  the  watci-.closct  must  be  non- 
absorljent,  and  in  its  shape  and  capacity  the  basin 
must  be  able  to  i-eceive  the  water  that  is  discliarged 
into  it,  and  to  allow  all  matter  it  receives  to  fall 
directly  into  water  without  soiling  the  sides.  In  both 
the  valve  closet  (Fig.  18)  and  the  loash-out  pattern 
(Fig.  20),  water  is  held  in  the  basin  independently  of 
that  in  the  trap  below.  In  the  one  case  it  is  held  by 
a  movable  valve,  in  the  other  by  a  fixed  dam,  over 
which  the  contents  are  carried  by  the  flush.  This 
last  form  is  not  wholly  satisfac- 
tory. In  the  p^MfyT  closet  tlie  valve 
or  dam  is  replaced  by  a  solid  plug, 
which  works  vertically  in  a  side- 
chamber  similar  to  that  shown  in 
Fig.  18.  Hoj)j)er  closets  are  of  two 
kinds ;  the  basin  of  the  old  long 
lioi^per  (Fig.  19)  is  from  its  .shajie 
and  construction  liable  to  become 
filthy,  and  it  has  usually  a  bad 
flush  ;  the  short  hopper  or  xoaslidown 
(Fig.  21)  is  free  from  objection,  and 
possesses  the  advantage  of  a  large 
water  surface  owing  to  the  form  of 
the  trap  being  such  as  to  allow  the  water  to  stand 
high  in  the  basin.  Added  to  this  there  is  a  deep 
water  seal,  and  the  cleansing  of  the  trap  is  greatly 
facilitated.  There  is  at  present  a  wholesome  ten- 
dency to  dispense  with  all  unnecessary  woodwork  and 
fittings,  and  to  reduce  the  closet  to  its  simplest  form. 

The  old  container  closet,  or  pan-closet  (Fig.  22), 
is  especially  objectionable,  and  is  prohibited  by  the 
Model  Bye-laws.  The  basin  discharges  into  a  large 
receptacle,  which  becomes  foul  and,  every  time  the 
valve  is  opened,  allows  polluted  air  to  escape. 

The  apparatus,  of  whatever  kind,  should  be  pro- 
vided with  a  flushing  rim  which  directs  the  water 


Pig.  22.— Pan  Closet, 
with  D-trap. 
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over  the  whole  surface,  and  maintains  it  in  a  state  of 
cleanliness.  It  is  essential  that  the  flush  should  be  of 
sufficient  volume  (not  less  than  two  gallons),  delivered 
with  sufficient  force  (and  for  this  purpose  the  pipe 
must  not  be  less  than  1^  inch  in  diameter),  and 
properly  directed  so  as  to  wash  the  basin  effectually. 
The  flush  must  on  no  account  be  taken  from  a  ser- 
vice pipe  or  a  cistern  that  supplies  water  for  house- 
hold purposes,  but  from  a  special  cistern.  Gases  and 
even  filth  have  been  found  to  make  their  way  from 
the  closet  basin  up  the  (usually  empty)  delivery- 
pipe. 

It  is  unnecessary  to  discuss  at  any  length  the 
trails  used  in  connection  with  water-closets.  The  S- 
trap  is  here  again  foxmd  to  be  a  useful  form,  but 
liable  occasionally  to  become  unsealed  when  the 
momentum  of  the  water-discharge  is  great ;  for  this 
reason,  therefore,  the  form  of  trap  (Fig.  13)  recom- 
mended in  connection  with  waste-pipes  to  obviate 
this  difficulty  is  preferable.  The  D-trap  is  altogether 
inadmissible. 

Water-closet  traps  are  liable  to  become  unsealed  in- 
the  same  manner  as  those  of  waste-pipes  (page  236). 
Wherever  two  ormore  discharge  into  the  same  soil  pipe, 
ventilation  of  the  traps  is  necessary ;  the  ventilating 
pipe  from  the  trap  of  the  lowest  water-closet  may 
receive  the  ventilating  pipe  of  each  above,  and 
be  finally  connected  with  the  soil  pipe  above 
the  highest  water-closet,  but  while  this  arrange- 
ment is  permissible  it  is  frequently  preferable  to 
carry  the  antisiphonage  or  ventilating  pipe  indepen- 
dently above  the  roof. 

A  closet  or  bath  on  an  upper  floor  is  usually 
provided  with  a  sa/e  to  receive  any  overflow  or 
splashings.  The  waste-pipe .  from  the  safe  may  be 
treated  in  the  same  way  as  an  overflow  from  a 
cistern,  i.e.  simply  cEirriec]  through  an  external  wall, 
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and  made  to  discharge  a  few  inches  from  the  Ijrick 
work. 

'l'i-oii;;ii  closets  are  sometimes  adopted  in 
schools  or  factories.  A  long  trough  filled  with  water 
])asses  beneath  the  seats  of  a  nninl^er  of  closets  placed 
side  by  side.  At  stated  intervals  the  trough  is  (lushed,, 
automatically  or  by  an  attendant,  and  the  contents  are 
carried  away  to  the  sewer  through  a  traj)  at  the  outlet 
end.  The  automatic  flush  may  be  effected  by  a  tilt- 
ing receiver  placed  at  the  upper  end  of  the  ti-ough, 
aiid  so  arranged  as  to  capsize  and  discharge  its  contents 
as  soon  as  it  becomes  filled  by  a  regulated  stream  of 
water  ;  or  still  better  by  a  flush  tank  fed  by  a  stream 
of  water  and  discharging  itself  into  the  trougli  by 
siphon  action  as  soon  as  it  becomes  full.  In  either 
case  the  frequency  of  the  flush  can  be  regulated  by 
the  supply  of  water. 

In  loafite-water  closets  the  flush  is  efiected  by  the 
household  waste-water,  the  object  being  of  course 
to  avoid  the  expense  of  a  separate  water  supply. 
Tlie  drainage  from  a  row  of  houses  is  conducted 
to  a  flush  tank  placed  at  the  end  of  the  row 
farthest  from  the  sewer.  From  the  tank  a  large 
pipe  drain  passes  to  the  sewer,  and  separate 
closets  are  placed  upon  its  course,  the  excreta 
simply  falling  through  large  vertical  drain  pipes 
into  the  di'ain  below,  and  remaining  there  until 
the  next  flush  sweeps  them  away  into  the  sewer. 
The  di-ain  has  a  siphon  trap  after  passing  the 
lowest  closet,  and  a  manhole  or  access  chamber  at 
the  same  point  for  use  in  the  event  of  obstruction. 

In  like  manner  the  waste-water  of  single  houses 
has  been  utilised  for  flushing  single  out-door  closets. 
For  closets  of  this  type,  which  ai'e  known  as  slop 
closets,  the  household  waste-water,  supplemented  if 
necessary  by  the  rainfall,  is  collected  in  a  "  revolver," 
or  "  tumbler,"  an  earthenware  vessel    working  on 
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pivots,  and .  so  constructed  as  to  overbalance  when 
full,  discharging  its  contents  forcibly  along  the 
drain,  and  then  swinging  back  to  its  former  position. 
On  the  drain,  beyond  the  tumbler,  is  a  large  siphon 
trap,  and  the  closet  consists  of  a  wide  vertical  shaft 
over  this,  so  that  the  excreta  fall  into  the  water  of 
the  trap,  and  are  carried  away  by  the  next  flush. 

The  use  of  waste-water  for  flushing  is  attended 
with  practical  difiiculties  from  the  over-concentration 
of  sewage,  and  the  liability  of  automatic  appliances 
to  get  out  of  order. 

Intermediate  between  the  water-carriage  and  dry  systems 
come  certain  Continental  and  other  methods  which  may  he 
described  briefly.  The  fosse  pennanente  is  a  largo  water-tight 
underground  pit,  to  which  pipes  from  the  closets  conduct  the 
excreta ;  the  pit  is  emptied  at  long  intervals  by  suclion 
through  hose  into  an  air-tight  cart.  The  fosse  mobile  is  a  closed 
movable  tub  placed  outside  the  house,  and  connected  with 
a  fixed  pipe  that  communicates  with  all  the  closets,  etc.,  in  the 
house  ;  the  tub  is  simply  removed  and  replaced  by  another 
when  full.  In  Lierntir's  system  a  number  of  closets  are  con- 
nected by  means  of  iron  pipes  with  an  air-tight  tank,  which  is 
at  intervals  exhausted  of  air,  so  that  the  excreta  are  drawn 
into  it. 

I>»T  systems  of  excreta  removal,  otherwise 
known  as  "conservancy  systems,"  include  ^jrimeff, 
pail-closets  (with  or  without  ashes),  ash-closets,  and 
dry  earth-closets.  In  some  localities  privies  are  called 
earth  closets,  but  this  use  of  the  term  is  misleading. 

The  i^rivy  and  ashpit,  or  midden  system,  which 
is  still  employed  in  certain  towns,  and  in  most 
rural  districts,  aims  at  the  deodorisation  and  drying 
of  the  excreta  by  admixture  with  ashes.  The  best 
construction  is  that  of  a  small  watertight  pit,  not 
drained  but  roofed  over  to  exclude  rain,  and  so 
arranged  that  the  excreta  and  ashes  become  thoroughly 
mixed.  For  this  purpose  either  the  ashes  must  be 
thrown  in  through  the  closet  seat,  which  may  be 
hinged  so  as  to  be  lifted  en  masse,  ov  else  a  "shoot" 
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or  sloping  slab  must  conduct  one  or  the  other  to  a 
common  point.  The  floor  should  be  smooth,  and  raised 
a  few  inches  above  the  level  of  the  adjoining  ground. 
Very  few  middens  fulfil  these  conditions,  howevex'. 

The  contents  ought  to  be  removed  at  fixed  short 
intervals  by  the  S.A.,  and  the  work  should  be 
done  at  night  or  early  in  the  morning  so  as  to  mini- 
mise the  nuisance.  Unfortunately  it  is  still  conimon 
to  leave  the  emptying  of  ashpits  to  confcractox's, 
or  even  to  the  owners  and  occupiers,  and  the  interval 
is  frequently  several  months  instead  of  a  week,  as 
prescribed  by  the  Model  Byelaws. 

Privies  alone,  without  admixture  of  ashes  or  other 
deodorants,  are  also  met  with.  The  receptacle  should 
be  small,  and  its  contents  frequently  removed,  but  at 
best  the  system  is  more  offensive  than  when  ashes  or 
earth  are  added. 

Pail'  or  tub-closets  are  simply  miniature  pri- 
vies, in  which  the  pit  is  represented  by  a  movable 
pail  placed  beneath  the  closet  seat.  The  full  pails 
are  removed  and  replaced  by  clean  empty  ones  at 
regular  intervals  not  exceeding  a  week.  Close-fitting 
covers  should  be  used  during  removal  of  the  full  pails. 
There  are  several  modifications  of  this  system.  On 
the  "  Rochdale  system "  the  pails  contain  excreta 
alone^  while  in  some  towns  the  ashes  and  other  dry 
household  refuse  are  added  ;  or  the  ashes  are  thrown 
upon  a  sifter,  and  only  the  fine  ash  falls  into  the  jjails  ; 
or  the  Goux  system  is  used,  the  cleansed  pails  being 
lined  with  a  dry,  absorbent  packing  of  compressed 
peat  or  like  substance. 

In  Morell's  cinder-siftins;  ash-clonf.t  the  ashes  are 
tlu'own  in  by  a  separate  opening,  and  by  a  simple 
automatic  arrangement  are  sifted,  so  that  only  the  line 
ash  falls  upon  the  excreta,  the  cinders  finding  their 
way  to  a  separate  chamber  for  further  use  as  fuel. 
The  receptacle  is  permanent   and   in  this  respect 
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resembles  a  privy  rather  than  a  pail-closet,  but  it  is 
small  and  so  arranged  as  to  be  readily  emptied  by  a 
special  opening.  Taylor's  closet  is  somewhat  similar 
in  principle,  but  the  urine  is  collected  separately. 

Dry  earth-closeis  have  a  small  receptacle,  tixed  or 
movable,  beneath  the  closet  seat.  Clean,  dry  earth 
(about  1^  lb.)  is  thrown  upon  the  excreta,  either  by 
hand  or  by  automatic  delivery  from  a  hopper,  every 
time  the  closet  is  used.  A  constant  supply  of  fine 
dry  earth  is  lieeded,  ordinary  mould  being  the  best, 
owing  to  its  richness  in  nitrifying  organisms.  Sand 
is  less  efficacious. 

DestiiiatioM.— Water-carried  excreta  pass  into 
the  ordinary  sewers,  and  their  ultimate  disposal  will 
be  considered  in  another  section. 

Pails  are  emptied  and  cleansed  at  a  central  depot, 
and  are  then  ready  for  -further  use.  Their  contents 
are  sent  into  rural  districts  as  manure,  either  in  the 
crude  state  or  after  conversion  into  "  poudrette"  by 
drying  and  other  treatment.  For  the  manufacture 
of  poudrette  the  excreta  (free  from  ashes)  are  heated 
in  revolving  cylinders,  so  as  to  drive  off  the  moisture. 
Sulphuric  acid  is  often  added  to  fix  the  ammonia. 

Contents  of  ashpits  are  commonly  sent  away  at 
once  into  the  country.  The  refuse  of  ash-closets  or 
})ail-closets  is  also  available  as  manure.  S 

The  earth  from  earth-closets  can  be  dried  and  used 
again  and  again,  and  finally  restored  to  the  garden  or 
field.    The  organic  matter  disappears  by  nitrification. 

Comparative  advantagei!*  ol  water-car- 
riage and  dry  systems : — 

1.  ITi/yicnie. — Water-carriage  is  by  general  conscjit  the 
most  satisfactory  in  houses  of  the  better  class,  where  cleanliness 
and  freedom  from  effluvia  arc  the  main  considerations,  and  due 
care  in  use  can  be  relied  upon.  The  excreta  arc  at  once 
carried  right  away  from  the  premises.    Water-closets  may 
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safely  be  constructed  practically  within  the  house,  a  mattrjr  of 
great  convenience.  The  objection  that  the  sewers  receive  the 
specific  poison  of  enteric  and  other  fevers  may  be  met  by  the 
use  of  disinfectants,  and  has  not  yet  been  proved  to  be 
weight}'.  It  has  been  urged  that  indoor  water-closets  afford 
facilities  for  the  entrance  of  sewer  air,  especially  in  the  case  of 
obstruction  of  the  sewers  by  floods  or  other  cau.ses.  Indeed,  it 
has  been  observed  in  more  than  one  enteric  outbreak  that  the 
inmates  of  large  water-closet  houses  upon  high  ground  suffered 
more  than  the  poorer  inhabitants  of  lower  districts  with 
outdoor  closets.  This  danger,  however,  can  scarcely  occur 
unless  there  is  grave  defect  in  construction  or  management, 
and  it  extends  equally  to  indoor  sinks.  As  applied  to  poorer 
dwellings  water-closets  often  fail.  Owing  to  carelessness  or 
misuse,  the  mechanism  becomes  deranged,  or  flushing  is 
neglected,  and  the  drains  become  choked  by  bulky  objects 
improperly  introduced  into  them.  Automatic  flush  closets, 
trough  closets,  and  even  slop-closets,  if  kept  under  suf)ervision, 
are  to  a  great  extent  free  from  this  objection,  since  they  are 
not  liable  to  become  deranged  by  carelessness  on  the  part  of 
those  using  them.  Water-closets  of  ordinary  construction  are 
made  serviceable,  even  in  houses  of  the  poorest  class,  by 
careful  supervision  on  the  part  of  the  S.A.  Neglect  of  hand 
flushing  may  be  met  by  automatic  mechanism  connected  with 
the  door  or  the  seat.  The  water-supplj-  of  outdoor  closets  is 
liable  to  be  stopped  by  frost,  but  this  rarely  happens  if  the 
cistern  and  pipes  are  properly  cased. 

Privies  and  ashpits  are  being  abandoned  in  most  towns, 
although  still  almost  inevitable  in  country  districts  where 
there  is  neither  efficient  drainage  nor  organised  scavenging. 
The  retention  of  large  quantities  of  excreta  and  other  organic 
matter  near  dwellings  is  iu  itself  objectionable,  and  the 
nuisance  becomes  great  at  the  time  of  clearing  out.  It  is 
2irobable  that  such  an  arrangement  favours  the  spread  of 
diseases  that  have  relation  to  filth,  and  especially  those  iu 
which  the  poison  is  contained  in  tlie  excreta.  The  case 
becomes  worse  when,  as  almost  invariably  happens,  the  pit 
leaks  and  allows  its  contents  to  pollute  the  soil  and  the 
subsoil  water. 

Pail-closets  have  the  advantage  of  extreme  simplicity,  and 
cannot  be  deranged  by  carelessness  or  anything  short  of  wilful 
destruction.  Although  not  removed  instantly,  as  in  water- 
closets,  the  excreta  remain  near  the  dwelling  for  a  few  days 
onl}',  instead  of  putrefying  for  weeks  or  months  as  in  midd(^ns. 
The  weekly  or  semi-weekly  visits  of  the  scavengers  ensure  a 
certain  degree  of  cleanliness,  apart  from  the  mere  substitution 
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of  cleansed  pails.  It  is  claimed  that  in  the  event  of  such  dis- 
eases as  enteric  fever  occurring,  the  pails  and  their  contents  can 
be  disinfected  ;  unfortunately  not  all  the  infective  matter  is 
tlu'own  into  the  closet,  and  at  best  its  disinfection  in  any  true 
sense  would  be  difficult ;  but  it  is  quite  possible  to  adopt  the 
simple  precaution  of  supplying  specially  marked  pails  to  in- 
fected households,  and  cremating  the  contents  of  such  pails 
when  collected.  Pail-closets  that  receive  excreta  only  are  in- 
evitably offensive,  however  frequently  changed.  The  addition 
of  ashes  lessens  the  effluvia,  and  the  average  amount  of  ash 
produced  by  an  artisan  household  is  found  to  be  sufficient  for 
the  purpose. 

Dry-earth  closets  are  convenient  and  free  from  effluvia. 
The  difficulty  of  ensuring  a  constant  supply  of  suitable  dry 
earth,  and  of  removing  the  products,  has  hitherto  prevented 
their  adoption  in  towns.  In  rural  districts,  where  these 
difficulties  do  not  exist,  they  offer  great  advantages,  but  can 
only  succeed  when  used  with  care  and  kept  under  supervision. 

2.  Jcowowiic— Water-carriage  involves  some  cost,  either  to 
the  individual  or  to  the  public,  in  the  extra  consumption  of 
water,  although  this  objection  does  not  apply  to  those  systems 
in  which  the  flushing  is  effected  by  the  household  waste  water. 
Drains  and  sewei-s  have  to  be  provided  in  any  case,  so  their 
cost  cannot  be  charged  to  the  account  of  water-carriage  sj'stems. 
The  increased  volume  of  sewage  in  water-closet  towns  or  dis- 
tricts is  far  less  material  than  is  generally  assumed,  and  forms 
at  most  only  a  small  fraction  of  the  enormous  volume  derived 
from  rainfall,  soil  drainage,  household  waste  water,  trade 
effluents,  and  other  sources.  It  has  been  found  that  the 
addition  of  water-closet  sewage  scarcely  alters  the  chemical 
composition  of  the  average  sewage  of  a  town.  Hence  the 
necessity  of  treating  the  sewage  by  irrigation  or  other  means 
is  quite  independent  of  the  admission  of  water-borne  excreta 
to  the  f-ewers. 

Water-carriage  obviates  some  part  of  the  expense  of  the 
scavenging  required  by  the  pail-closet  system,  but  there  must 
still  be  a  costly  organisation  for  collecting  the  dry  household 
refuse,  which,  without  the  addition  of  excreta,  is  an  unsaleable 
commodity,  and  further  expense  is  therefore  incurred  in  dis- 
posing of  it  after  collection. 

A  similar  objection  is  often  urged  from  the  theoretical  side, 
namely,  that  the  enormous  dilution  of  excreta  by  water  renders 
it  difficult  or  impossible  to  recover  them  again  for  manurial 
purposes,  and  hence  the  soil  is  steadily  impoverished  by  de- 
priving it  of  what  should  naturally  bo  returned  to  it  in 
exchange  for  the  croT)s  that  it  yields,    Yivian  Poore's  dictum 
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was  that  the  proper  destiny  of  organic  refuse  is  immediate 
burial  just  below  the  surface  of  the  soil,  and  on  this  principle 
he  objected  to  water-carriage.  This  argument  has  some 
weight  as  bearing  upon  the  still  common  practice  of  pouring 
the  sewage  of  towns  into  rivers  or  into  the  sea. 

From  the  purelj'  financial  point  of  view  the  objectionable 
midden  system  probably  costs  less  than  any  other. 

The  pail  system  involves  a  heavy  initial  outlay  in  buildings 
and  plant,  and  an  expensive  staff  to  manage  it  efficiently.  On 
the  other  hand,  some  part  of  the  expense  is  recouped  bj*  the 
sale  of  manure,  and  a  scavenging  staff  must  in  any  circum- 
stances be  maintained  for  the  removal  of  dry  refuse.  The 
market  value  of  the  excreta  is  gi'eater  if  unmixed  with  ashes, 
but  it  is  questionable  if  the  gain  is  sufficient  to  compensfite  for 
the  cost  of  a  separate  collection  of  dry  refuse,  which,  as  already 
explained,  is  uns  ileable.  The  dry  systems  ensure  the  return 
of  most  of  the  solid  excreta  to  the  soil,  but  a  great  part  of  the 
liquid  excreta,  which  are  more  important  as  fertilisers,  goes 
with  the  household  drainage  in  any  case. 

Reviewing  the  whole  question,  the  privy  system  must  be 
regarded  as  contrary  to  sound  principles  of  hygiene  wherever 
facilities  exist  for  any  other  aiTangement.  Water-closets  are 
most  suitable  in  town,  and  water-closets  or  earth-closets  in  the 
country. 

Removal  of  ashes. — Where  water-closets,  or 
pail-closets  for  excreta  alone,  are  in  use,  tlie  ashes  and 
kitchen  refuse  have  to  be  removed  separately.  Small 
covered  tubs  or  boxes  (preferably  of  metal)  should 
be  placed  in  a  yard  or  outhouse,  and  emptied  at 
short  and  i-egular  intervals  by  the  scavengers. 
Frequently,  however,  large  •'  bins"  or  fixed  "ashpits  " 
ai-e  employed,  the  contents  of  whicli  are  allowed  to 
accumulate  for  long  periods. 

Household  refuse  ought  to  consist  of  little  more 
than  ashes,  the  animal  and  vegetable  refuse  from  the 
kitchen  being  easily  burnt. 

Tra<le  refuse,  from  slaughter-houses,  markets, 
fish  and  fruit  shops,  and  many  other  sources,  requires 
prompt  removal.  This  duty  is  often  left  to  the 
proprietors,  who  make  private  arrangements  with 
farmers,  etc.,  to  remove  the  refuse  for  use  as  manure. 
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or  convey  it  at  their  own  cost  to  some  suitable  place. 
It  is  difficult  to  ensure  proper  system  and  regularity 
unless  the  S.A,  itself  undertakes  the  task,  and  the 
same  difficulty  may  occur  in  urban  districts  in  regard 
to  manure  from  stables  and  cowsheds.  Under  the 
Public  Health  (London)  Act,  1891,  s.  362,  the  local 
authority  may  by  formal  resolution  prescribe  frequent 
removal. 

Road  sweepings  and  the  contents  of  street  gulleys 
have  also  to  be  dealt  with. 

Destructors. — ^Any  kind  of  refuse  which  contains 
organic  matter,  but  which  cannot  be  at  once  disposed 
of  as  manure,  should  be  burnt.  The  refuse  is  thrown 
in  at  the  top  of  a  furnace,  and  becomes  dry  as  it  sinks 
down  ;  all  organic  matter  is  burnt  off,  and  at  inter- 
vals the  mineral  matter,  or  "  clinker  "  (forming  about 
30  per  cent,  of  the  refuse  burnt),  is  raked  out  below, 
to  be  used  for  road-making,  filling  up  hollows,  etc. 
In  the  best  modern  destructors  the  clinker  is  with- 
drawn in  large  slabs  and  freely  slaked  with  water  to 
prevent  flaming  when  tipped.  Silica  and  ferric  oxide 
are  the  chief  constituents  of  clinker,  which  is  now 
much  used  for  bacteria  beds,  mortar-making,  etc. 
After  the  furnace  is  started,  the  organic  matter  in 
the  refuse  is  usually  sufficient  to  maintain  the  fire 
without  the  addition  of  other  fuel. 

Numerous  forms  of  destructor  are  now  in  use. 
They  consist  .of  furnaces  of  a  varying  number  of  cells 
and  are  charged  in  different  ways  ("shovel  fed," 
"  top  fed,"  mechanical  charging,  etc.).  The  furnaces 
are  not  unfrequently  multitubulai-,  or  fitted  with 
Babcock  and  Wilcox  boilers,  and  the  necessary 
draught  is  oVjtained  naturally  or  by  means  of  fans  or 
steam  blowers.  They  may  be  divided  into  two  chief 
groups,  the  "  single  cell  system "  {e.g.  Horsfall's, 
Fryer's,  Warner's,  Baker's)  and  the  double  cell  or 
continuous  grate  system  {e.g.  Meldrum's,  Heenan's, 
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Sterling's) ;  tliere  are,  of  course,  various  modifica- 
tions. By  tlie  single-cell  system  is  meant  a  destruc- 
tor with  a  boiler  between  every  two  cells,  so  that 
there  is  no  intermingling  of  the  gases  from  two  or 
more  cells.  It  is  desirable  to  have  complete  com- 
bustion in  the  cell  itself,  but  if  necessary  the  fumes 
can  be  passed  through  a  second  furnace. 
Sewers  may  be  required  to  convey  : — 
(i.)  Household  effluents, incXndxn^  waste  water  from 
baths,  lavatories,  sinks,  and  all  liquid  i-efuse  and 
urine.  Where  there  are  water-closets,  the  volume  of 
sewage  is  somewhat  increased,  but  its  composition  is 
little  altered.  Latrines,  etc.,  attached  to  works, 
schools,  or  public  resorts  may  be  included  imder  this 
head. 

(ii, )  Trade  effluents  of  all  degrees  of  impurity,  from 
the  comparatively  pure  water  from  condensers  to  the 
foul  effluents  from  dyeworks. 

(iii.)  Water  used  for  public  purposes,  e.g.  watering 
streets,  fountains,  public  urinals,  baths,  etc. 

(iv.)  Rainfall,  of  which  the  first  portions  (especially 
road-wasliings)  are  extremely  impure. 

(v.)  Subsoil  water,  and  even  small  natural  streams. 

Modern  sewers,  like  house  drains,  are  imper\dous 
tubes,  oval  or  round  in  section.  Their  size  varies 
according  to  requirements,  say,  from  9  inches  to  1 2 
feet  in  diameter.    If  the  diameter  is  not  greater  than 

or  2  feet,  glazed  earthenware  pipes  set  in  cement 
are  usually  employed,  laid  in  the  manner  described  in 
speaking  of  house  drains.  Sewei's  of  larger  diameter 
than  18  inches  are  generally  constructed  of  brick  set 
in  cement  upon  a  bed  of  concrete,  and  are  oval  or 
ovate  in  section,  so  as  to  secure  a  better  scour  and  less 
friction  when  little  sewage  is  passing  than  if  the 
section  were  circular.  Sewers  should  be  laid  as  far 
as  possible  in  straight  lines,  with  means  of  inspection 
and  access  at  every  change  of  direction.  All  junctions 
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should  be  obliquely  in  the  direction  of  flow,  and  the 
tributary  sewer  or  drain  should  have  a  fall  into  the 
sewer  at  least  equal  to  the  difference  in  their  respective 
diameters.  It  is  desirable  that  the  rate  of  flow  should 
be  not  less  than  2  feet  per  second,  and  3  feet  is 
better.  Hence  the  minimum  gradient  should  range 
from  1  in  250  to  1  in  750,  according  to  the  size  of  the 
sewer.  The  gradient  should  preferably  be  uniform, 
except  at  angles  and  junctions,  where  it  is  desirable 
to  allow  extra  fall, 

Manholes  should  be  provided  at  short  distances, 
and  at  all  important  angles,  junctions,  and  changes  of 
gradient,  to  allow  of  access  for  inspection  and  flush- 
ing. Flush-tanks  may  with  advantage  be  placed  at 
the  head  of  each  sewer.  Flushing  is  chiefly  required 
in  sewers  with  insufficient  gradients,  at  "  dead 
ends,"  and  in  hot  dry  seasons,  when  the  flow  is 
smallest  and  decomposition  most  rapid.  It  may  be 
efiected  more  or  less  automatically  by  means  of  flush- 
tanks,  or  by  temporarily  damming  back  the  stream 
and  then  allowing  it  to  escape  with  a  rush,  or  by 
suddenly  discharging  a  large  volume  of  water 
into  the  sewer  through  a  manhole.  Little  benefit 
is  likely  to  result  from  the  perfunctory  "  flushing " 
of  sewers  that  is  commonly  practised,  consisting 
as  it  does  of  simply  pouring  a  small  and  in- 
adequate volume  of  water  into  the  sewer  through  a 
hose,  at  intervals  of  several  weeks.  There  is  little  to 
be  gained  by  the  addition  of  disinfectants  "  to  the 
water  used  for  flushing. 

The  air  of  sewers  ("sewer  gas")  has  no  constant 
composition,  and  if  the  sewer  be  properly  constructed, 
well  ventilated,  and  sufficiently  flushed,  may  difler  but 
little  from  outside  air.  Much  depends  upon  the 
sewage  being  removed  quickly,  or,  on  the  other 
hand,  being  allowed  to  stagnate  and  undergo  decom- 
position. In  the  latter  case  the  air  of  the  sewer 
J 
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becomes  foul ;  oxygen  is  lessened,  carbonic  acid 
increased,  and  there  is  much  organic  matter,  together 
with  variable  quantities  of  marsh  gas,  sulphuretted 
hydrogen,  and  ammonium  sulphide.  The  exact  com- 
position of  the  organic  matter  varies,  bub  its  proper- 
ties are  similar  to  those  of  the  organic  matter  in 
respired  air.  Micro-organisms  adhere  to  moLst  sur- 
faces, and  hence  the  air  of  well-constructed  sewers  is, 
on  the  whole,  remarkaljly  free  from  them,  except  near 
fresh  air  inlets  and  at  junctions,  where  splashing 
occurs.  Neither  bacteria  nor  other  solid  particulate 
matters  are,  under  ordinary  circumstances,  given  off 
from  quiescent  liquid  surfaces ;  but  if  putrefaction  be 
allowed  to  occur  the  bursting  of  bubbles  may  re- 
charge the  air  with  them.  Haldane  found  in  the  air 
of  a  well- constructed  but  unventilated  sewer  in 
Bristol  20  volumes  of  carbonic  acid  per  10,000,  but 
only  two  micro-organisms  per  litre,  half  of  which 
were  moulds ;  and  Lawes  and  Andrewes  demonstrated 
that  the  air  of  well-constructed  London  sewers  con- 
tained fewer  bacteria  than  the  air  of  the  street  above, 
and  the  species  found  were  not  of  sewage  origin.  It 
thus  becomes  probable  that  sewer  gas  can  rarely,  if 
ever,  convey  pathogenic  organisms. 

Air  contaminated  by  sewage  emanations  may, 
however,  be  a  cause  of  diarrhoea  and  other  gastro- 
intestinal disturbances,  and  of  certain  forms  of  sore 
throat.  Antemia,  depression,  and  general  ill-health 
may  result  from  protracted  exposure  to  such  an 
atmosphere.  Cholera,  enteric  fever,  pneumonia,  ery- 
sipelas, puerperal  fever,  and  diphtheria  have  a  much 
heavier  incidence,  both  in  numbers  and  severity,  upon 
persons  exposed  to  these  conditions.  It  is  not  neces- 
saiy  to  assume  an  origin  de  novo  in  such  cases,  or 
even  in  the  case  of  diarrhoea  and  sore  throat,  the 
evidence  being  consistent  with  the  .supjDosition  either 
that  the  specilic  poison  is  sfimetimes  carried  by  such 
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emanations,  or  that  their  effect  is  merely  to  predis- 
pose to  the  disease.  There  is  no  evidence  of  any 
specific  relation  between  sewer  gas  and  small-pox, 
measles,  or  whooping-cough. 

Men  working  in  well- ventilated  sewers  are  not 
found  to  suffer  any  ill  effects,  but  if  ventilation  is 
wanting  they  are  liable  to  ophthalmia  and  to  syncopal 
or  apoplectic  attacks.  It  is  said  that  venereal  disease 
is  greatly  aggravated  by  this  employment.  Meat,  milk, 
and  other  food  substances  readily  decompose  if  exposed 
to  sewage  emanation. 

Ventilation  of  sewers. — Foul  gases  are  given  off  by 
sewers,  more  especially  if,  from  insufficient  gradient 
or  obstructed  outfall,  they  become  stagnant  or  "  sewers 
of  deposit,"  Hence  it  Ibecomes  necessary  to  provide 
means  of  vent  or  ventilation  in  order  to  avoid  the 
risk  of  the  pent-up  gases  forcing  their  way  into  houses 
through  traps.*  For  this  purpose  openings  are  pro- 
vided at  intervals  which  should  not  exceed  100  yards. 
Some  of  these  openings  act  as  inlets,  others  as  outlets, 
and  the  latter  only  are,  of  course,  liable  to  be  offensive. 
The  conditions  that  determine  the  direction  of  the 
currents  of  air  are  complex,  including  foi'ce  and 
direction  of  wind,  internal  and  external  temperature, 
volume  and  velocity  of  sewage,  etc.,  so  that  the  result 
cannot  be  predicted,  and  is  not  even  constant  in  the 
same  sewer.  Speaking  generally,  the  tendency  is  for 
the  air  current  to  pass  in  the  reverse  direction  to  the 
sewage  ;  that  is,  from  a  lower  to  a  higher  level,  so  that 
the  highest  openings  are  most,  liable  to  be  outlets,  and 
the  lowest  to  be  inlets.  Nevertheless,  every  opening 
may  at  different  times  act  both  parts. 

The  plan  usually  adopted  is  to  provide  grated 
openings  in  the  roadway,  leading  directly  to  the  sewer 
beneath,  a  cage  being  suspended  immediately  beneath 

*  In  Bristol  tlie  sowers  are  not  ventilated.  The  house  drains  are,  how- 
ever, provided  with  interceptors,  and  all  street  <{uliies  are  trapped. 
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the  opening,  to  catcli  any  solid  ddbris  that  may  fall 
through.  It  was  formerly  customary  to  place  trays  of 
charcoal  in  tlie  openings  in  order  to  deodorise  the  sewer 
gases,  but  the  charcoal  obstructed  tlie  opening  and  soon 
became  inert.  To  obviate  annoyance  from  effluvia  at 
outlets,  ventilating  shafts  (in  substitution  for  tljese 
openings)  are  often  attached  to  houses  or  even  to  trees  ; 
these  shafts  should  be,  but  rarely  are,  of  sufficient 
calibre  efficiently  to  ventilate  the  sewer.  Some- 
times factory  chimneys  are  utilised  for  this  purpose 
by  carrying  the  vent  into  the  stokehole  or  chimney. 
Another  device  (Keeling's)  is  to  ventilate  the  sewei-s 
through  hollow  lamp  posts  with  gas  jets  inside  serving 
to  create  a  strong  upward  current  and  (it  is  claimed) 
to  destroy  all  effluvia. 

If  carried  out  on  a  large  scale  these  special  arrange- 
ments are  costly.  It  is  contended  by  the  advocates 
of  simple  openings  at  the  street  level  that  the  true 
remedy  for  offensive  outlets  lies  in  pi'oper  construction 
and  flushing  of  sewers,  and  increasing  the  number  of 
openings — that  is,  in  approximating  to  the  condition 
of  an  open  sewer.  Some  authorities  rely  upon  venti- 
lating the  sewer  by  means  of  the  vents  of  each  house 
drain  connected  (see  p.  238). 

Rain  ar^d  subsoil  water. — If  the  sewers  are  water- 
tight, as  they  should  be,  the  subsoil  water  cannot 
gain  access  to  them,  and  separate  provision  must  be 
made  for  draining  the  soil,  although  a  certain  quan- 
tity of  water  flows  away  along  the  comparatively  easy 
track  outside  the  sewer.  Sometimes  provision  is 
made  for  this  by  leaving  a  space  beneath  the  sewer 
for  the  ground- water  to  pass  along. 

It  is  becoming  customary  to  exclude  also  the  rain- 
fall from  the  sewers,  and  thus  avoid  dilution  of  the 
sewage  and  sudden  changes- in  volume,  which  add  to 
the  difficulty  of  treating  it  by  precipitation  or 
filtration.    The  first  washings  of  the  streets  are  very 
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foul,  and  should  be  admitted  to  the  sewers.  When 
the  "  separate "  system  is  adopted,  the  rain  water 
is  taken  away  by  another  system  of  drains,  which 
may  with  advantage  be  permeable,  and  so  available 
for  draining  the  subsoil. 

Capacity  of  sewers. — In  towns  only  a  comparatively  small 
surface  of  ground  is  pervious,  and  almost  all  the  rainfall 
rapidly  makes  its  way  to  the  sewers.  Hence  in  planning-  the 
size  and  gradients  of  sewers  it  is  necessary  to  provide  for  the 
immediate  removal  of  the  maximum  hourly  rainfall,  say, 
1  inch  per  hoiir  plus  the  maximum  volume  of  sewage  from 
other  sources. 

Parkes  gives  the  following  formula  for  calculating  the  dis- 
chai'ge  from  a  sewer  : —  ' 
V  z=  55  A  X  y2I)F. 

V  being  the  discharge  in  cubic  feet  per  minute, 
A,  the  section  area  of  the  current, 
F,  the  fall,  in  feet  per  mile, 

D,  the  hydraulic  mean  depth,  in  feet.  This  is  \  of  the  diameter 
of  the  pipe,  if  running  full  or  half -full ;  in  all  cases  it  is 
equal  to  the  section  area  of  the  current  divided  by  the 
"  Avetted  perimeter"  —  that  is,  by  the  length  of  the  arc 
formed  by  that  part  of  the  section  of  the  circumference 
which  is  in  contact  with  the  stream. 

When  a  sufficient  fall  cannot  be  obtained,  Shone'' s  jmeimalic 
system  offers  great  advantages.  The  sewage  is  conducted  to 
one  or  many  central  collecting  tanks  by  gravitation  through 
drains  and  sewers  of  ordinary  construction,  and  is  forced 
through  pipes,  leading  from  the  tanks  to  the  outfall,  by  means 
of  compressed  aii".  Thus  difficulties  arising  from  inequalities 
or  from  low  level  of  districts  to  be  drained  can  be  overcome. 

The  coiiipositioii  of  sewag-e  varies  from  day  to 
day,  and  from  hour  to  hour,  since  both  the  filth  and  the 
diluting  water  are  inconstant  in  amount.  There  are 
variations  according  to  season  and  weather,  and  trade 
effluents  may  be  important  factors.  The  admission  or 
exclusion  of  rain-water  makes  a  very  great  difference, 
b\it  the  presence  or  absence  of  water- can-iage  of 
excreta  does  not  seem  to  affect  the  composition  of 
sewage  very  materially.    The  Kivers  Pollution  Com- 
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iiiissioners  found  the  average  composition  of  sewage 
to  be  somewhat  as  follows  : — 


Constituent  Irarts. 

Paets  per  Million. 

Water-closet 
Towns. 

\Tidflpii  Townf? 

1309 

1215 

(Organic  . 

205 

213 

Suspended  Solids  -JMineial  . 

242 

178 

/Total  . 

447 

391 

722 

824 

47 

42 

22 

20 

67 

54 

Total  combined  Nitrogen 

77 

05 

107 

115 

From  other  sources  it  appears  that  the  phosphoric 
acid  amounts  to  about  25  and  the  potash  about  15 
parts  per  million.  These  proportions  are,  of  course, 
liable  to  very  wide  variation. 

It  is  calculated  that  in  an  ordinary  population 
2  J  ounces  of  solid  excreta  and  40  oimues  of  urine, 
together  containing  150  grains  of  nitrogen,*  are 
yielded  per  person  per  day,  taking  an  average  of  all 
ages.  This  corresponds  to  about  10  lbs.  of  ammonia 
per  annum,  and  a  theoretical  manurial  value  of 
6s.  8d.,  to  which  the  constituents  of  the  urine  con- 
tribute six-sevenths,  and  the  faeces  one-seventh  only. 
The  manurial  value  of  sewage  is  dependent  upon  the 
combined  nitrogen,  potash,  and  phosphoric  acid.  The 
annual  amount  of  sewage  per  head  of  population  may 
be  taken  as  100  tons,  the  theoretical  money  value  as 
manure  being  about  17s.,  to  which  the  dissolved 
matters  contribute  15s.,  and  the  suspended  matters 
only  2s.  Sewage  also  contains  variable  quantities  of 
household  waste,  rain  and  storm  water,  grit,  gravel, 
sand,  and,  in  some  localities,  manufacturing  waste 
products. 

*  This  is  Parkes'  estimate.  Frauklaud's  estimate,  for  adult  males,  is 
250  to  300  grains. 
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Bacteria  in  sewage  are  chiefly  denitrifying 
and  decomposition  organisms.  Houston  found  in 
London  crude  sewage  at  the  Barking  outfall  an  average 
of  nearly  4,000,000  micro-organisms  per  c.c,  and  in 
one  sample  of  domestic  crude  sewage  28,000,000.  All 
kinds  of  species  ar€  present  (bacilli  preponderating) 
and  there  are  many  spores.  The  most  common  are 
B.  coli  (600,000  per  c.c),  the  Proteus  family  repre- 
sented by  the  "sewage  proteus  "  (100,000  per  c.c), 
B.  enteritidis  sporogenes,  sewage  streptococci,  and 
liquefying  bacilli.  Pathogenic  organisms  also  occur, 
but,  owing  to  the  struggle  for  existence,  rapidly  dis- 
appear. All  the  organisms  required  for  bacterial 
assimilation  are  present  in  the  sewage  itself.  The 
artificial  bacterial  treatment  of  sewage  is  an  applica- 
tion of  the  principles  of  nitrification  as  stated  by 
Schloesing  and  Miintz. 

Disposal  of  sewage. — In  rural  distri-cts  the 
household  and  other  liquid  refuse,  if   not  turned 
into  a  ditch  or  watercourse,  is  usually  conducted 
to  a  cesspool  or  collecting  tank,  from  which  it  is 
periodically   removed   and   used  as   manure.  The 
former  plan  is  bad  in  every  respect.    The  latter 
is  permissible  only  if  the  cesspool  is  made  water- 
tight  and   properly   covered  and  ventilated,  regu- 
larly emptied  at  suitable  intervals,  and  situated  at 
a  sufficient  distance  from  any  house,  road,  or  water 
silpply.    The  annotated  Model  Bye4aws  require  a 
minimum  distance  of  50  feet  from  any  dwelling,  and 
80  feet  from  any  water  siipply.  Sometimes  the  sewage 
is  led  to  a  pit,  or  "  dumb- well,"  in  porous  soil,  the 
solids  being  removed  at  intervals  and  the  liquids 
escaping  into  the  ground.    This  practice  is  dangerous 
if  the  pit  is  near  to  dwellings  or  water  supplies,  and 
is  not  free  from  risk  of  polluting  water  in  any  case. 
Simple  irrigation  is  free  from  objection  if  well  managed, 
even  on  the  small  scale.    "  Subsoil  irrigation"  may 
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work  well  when  the  conditions  as  to  soil  and  fall  are 
suitable  ;  the  drainage  is  conveyed  into  a  branching 
system  of  loosely  laid  agricultural  pipes,  Avhich  allow 
ib  to  escape  into  the  subsoil  The  pipes  are  laid  about 
a  foot  ol'  niore  beneath  the  surface.  It  is  often 
necessary  to  relay  them  at  interval  Sj  owing  to  deposit 
of  grease  and  other  obstructive  matter,  but  this  may 
to  some  extent  be  prevented  by  the  Use  of  flush-tanks 
and  grease-traps  at  the  house- end  of  the  drain. 

The  chief  point  is  to  expose  the  sewage  to  the 
influence  of  growing  vegetation,  not  so  much  for  the 
sake  of  utilising  it  as  of  rendering  it  innocuous. 
Sewage  applied  to  the  surface  is  partly  absorbed  by 
vegetation,  partly  oxidised  (nitrified)  in  the  superficial 
layers  of  earth.  The  sewage  passed  into  leaking 
cesspools  or  dumb-wells  escapes  both  forms  of  purifi- 
cation, and  simply  pollutes  the  soil  and  the  subsoil 
water.  . 

The  disposal  of  town  sewage  may  be  efiected  in  a 
variety  of  ways.  The  oldest  and  simplest  is  to  pass 
it  without  purification  into  natural  watercourses,  a 
plan  still  common.  The  sea  affords  a  ready  means 
of  disposing  of  the  sewage  of  coast  towns.  It  is 
allowed  to  escape  only  with  the  ebb  tide,  and  reflux 
is  prevented  by  valves.  If  it  is  conducted  by  pipes 
sufficiently  far  out  to  sea,  it  may  not  be  washed  back 
by  currents  or  by  the  returning  tide  to  foul  the 
shore.  Such  a  degree  of  success  is  far  from  being 
the  rule,  and  there  are  the  further  objections  that  the 
removal  of  sewage  by  this  means  is  only  intermittent, 
and  that  the  sewage  is  (at  best)  wasted.  To  a 
certain  extent  organic  impurities  in  streams  are  got 
rid  of  by  oxidation  and  by  the  growth  of  plants  and 
other  organisms,  but  this  possibility  of  subsequent 
partial  purification  cannot  justify  the  gross  pollution 
of  a  stream  at  any  given  point.  The  purification  can 
rarely  be  complete,  and  in  no  case  can  there  be  any 
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certainty  of  the  destruction  of  specific  pollution,  a 
consideration  that  is  especially  important  when  the 
stream  furnishes  the  water  supply  of  districts  lower 
down. 

The  alternative  is  to  purify  the  sewage  with  the 
object  of  oxidising  or  retaining  its  dissolved  and 
suspended  impurities,  and  allowing  only  the  water 
(with,  at  most,  harmless  dissolved  matter)  to  pass 
into  watercourses  or  the  sea.  This  may  be  done  by 
precipitation,  filtration,  irrigation,  or  bacterial  treat- 
ment. 

Precipitation  processes  aim  at  throwing  down 
the  oi'ganic  matter  chemically  or  mechanically,'  by  the 
addition  of  a  reagent  to  the  sewage.  For  the  most 
part  their  success  in  this  respect  is  only  partial,  and 
they  leave  the  ammonia  and  chlorides  in  the  effluent. 
The  reagents,  dissolved  or  suspended  in  water,*  are 
added  to  the  raw  sewage,  either  in  the  sewers  (Scott's 
and  Gender's  processes)  or  more  usually  in  a  coiiduit  at 
the  works.  In  either  case  the  flow  of  the  reagent  is 
regulated  as  required,  and  it  becomes  thoroughly  mixed 
with  the  sewage  before  entering  the  tanks.  The  settling 
tanks  are  large  and  are  usually  worked  in  series,  the 
overflow  from  each  into  the  next  being  over  a  broad 
shallow  sill,  so  that  only  the  comparatively  pure  upper 
water  may  escape.  The  current  being  very  slight  in  the 
tanks,  suspended  matters  are  gradually  deposited,  ac- 
cumulating at  the  bottom  in  the  form,  of  sludge,  which 
is  periodically  cleared  out,  dried,  and  sold  as  manure,  or 
dug  into  the  ground,  or  (in  Scott's  process)  burnt  into 
cement.  A  similar  subsidence  takes  place  if  no  precipi- 
tant is  used,  but  the  dissolved  organic  matter  remains  in 
solution,  and  the  settlement  of  the  suspended  matter  is 
much  slower  and  less  complete.  A  good  precipitation 
process  will  rapidly  clarify  the  sewage  by  removing 

*  In  the  alumino-ferrio  process,  cakes  of  the  reagent  are  laid  in  the 
sewage  current,  and  dissolve  slowly. 
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all,  or  nearly  all,  tlie  suspended  impurities,  and  will, 
moi'eover,  carry  down  a  greater  or  less  part  of  the 
dissolved  organic  matter.  The  effluent  will  be  fairly 
clear,  but  will  contain  the  clilorides  and  certain  other 
salts,  ammonia,  and  more  or  less  of  the  dissolved 
organic  mattei'.  It  is  tlierefoi'e  necessary  to  subject 
the  effluent  to  further  treatment,  that  is,  to  filtration, 
in  order  to  oxidise  the  remaining  organic  matter. 

Among  artificial  filtering  jnedia,  employed  afler  precipita- 
tion, are  various  forms  of  carbon,  ferruginous  materials,  and 
burnt  "ballast."  All  of  these,  like  land  filters,  serve  mainly 
as  a  nidus  for  the  aerobic  nitrifying  organisms,  and  their 
efficiency  depends  largely  upon  proper  management,  and 
especially  due  aeration.  The  flow  should  be  intermittent  and 
not  too  rapid.  Coke  is  widely  used.  Garfield  finds  that  fine 
coal  filters  give  excellent  results,  and  possibly  the  non-porosity 
of  the  particles  is  an  advantage.  Fen-uginous  materials 
include  "polarite,"  "magnetite,"  and  "magnetic  ciirbide "  ; 
they  should  be  covered  with  a  layer  of  sand,  renewed  at 
intervals. 

Precipitation  afiords  no  guarantee  of  the  removal 
of  microbes,  pathogenic  or  otherwise. 

Many  of  the  precipitation  processes  described  in  text-books 
have  been  abandoned  on  account  of  cost  or  want  of  efficienc}-, 
and  have  now  only  a  historic  interest.  Lime  is  by  far  the  most 
generally  employed,  either  alone  or  in  conjunction  with  other 
reagents.  It  has  bpen  used  together  with  clay  (Scott),  calcium 
phosphate  (Whitthread),  magnpsium  chloride  and  tar  (Hille). 
Thp  "  Apiines  '■  prppess  consists  in  adding  lime  together  with  a 
little  herring  brine.  The  latter,  by  virtue  of  the  trimethyl- 
amine  and  other  ingredients  (aminol),  acts  as  an  antiseptic. 
The  effluent  does  not  decompose,  and  yields  no  microbes  on 
cultivation.  The  jDrecipitation  is  rapid.  Lime  with  ferrous 
sulphate,  ferric  chloride,  or  aluminium  sulphate  gives  a  bulk}- 
precipitate  of  the  respective  hydrate,  which  entangles  and 
carries  down  organic  matter  with  it.  Crude  aluminium  sulphate, 
made  by  acting  upon  clay  or  shale  with  sulphuric  acid,  is 
Anderson's  (and  also  Bird's)  precipitant :  and  sulphuric  acid 
with  mineral  phosphate  of  alumina  is  the  basis  of  Forbes  and 
Price's  process.    Spence's  "  alumino-ferric  "  contains  a  very 


Chap.  IX.] 


Seivage  Filtration. 


267 


small  proportion  of  iron  salts.  Sillar's  ABC  process  consists 
in  adding  alum,  blood,  clay,  and  charcoal. 

Another  precipitant  is  "  fcrrozone,"  made  by  acting  with 
sulphuric  acid  upon  "  polarite,"  described  as  a  specially  prepared 
ore  of  iron.  The  effluent  is  filtered  through  a  bed  of  polarite. 
Another  iron  process,  differing  from  the  rest  in  being  ajiplied 
at  the  head  of  the  sewer  or  house  drain,  is  Conder's,  in  which 
a  regulated  quantity  of  ferrous  sulphate  is  added  constantly 
and  automatically  by  means  of  a  stream  (of  water  or  gewage) 
passing  through  a  vessel  ("  ferrometer  ")  containing  crystals  of 
ferrous  sulphate.  It  seems  to  be  successful  in  preventing 
decomposition  and  effluvia,  and  in  keeping  the  drains  free  from 
deposit.  A  saturated  oxy-chloride  of  iron  is  used  as  a 
precipitant,  in  the  ordinary  way,  in  the  "  Clarine "  process. 
Use  is  sometimes  made  of  chalybeate  waters  for  precipitation 
purposes. 

Webster's  electrolytic  process  adds  iron  indirectly.  The 
sewage  is  made  to  flow  through  a  series  of  tanks  in  which  it  is 
exposed  to  a  powerful  electric  current  passing  between  elec- 
trodes consisting  of  iron  plates.  Fen'ous  hydrate  is  con- 
tinuously formed,  and  reacts  at  once  in  the  nascent  condition 
upon  the  .sewage,  causing  a  rapid  and  fairly  complete  precipita- 
tion of  solids.  A  clear  and  slightly  greenish  effluent  results, 
which  is  remarkably  free  from  microbes  and  has  little  ten- 
dency to  secondary  putrefaction.  In  the  Hermite  process 
electrolysed  sea-water  is  employed. 

In  the  black-ash  process,  a  waste  product  from  alkali-  and 
soap-works  is  used  as  a  precipitant.  This  refuse  contains 
calcium  suljihide,  which  by  exposure  to  air  is  partially  oxidised 
into  calcium  sulphite  and  h)-posulphite.  The  prepared  black- 
ash  is  used  together  with  lime. 

Lime  processes  in  general  yield  an  alkaline  effluent,  which 
has  a  tendency  to  "secondary  decomposition."  A  lime 
effluent  that  is  bright  and  clear  on  leaving  the  works  will 
often  be  found  to  become  turbid  and  offensive,  if  its  run  can  be 
traced  for  a  few  hundred  yards,  without  excessive  dilution  bj' 
other  Avater. 

Filtration  of  sewage  may  be  adopted  either 
alone  or  as  a  supplement  to  a  precipitation  process. 
The  filtering  media  employed  are  land,  certain  ferru- 

*  E.g.  .•—Closed  septic  tank  and  contact  beds.  Open  septic  tank  and 
contact  beds.  Clieniical  treatment,  subsidence  tanks,  and  contact  beds. 
Subsidence  tanks,  and  contact  beds.  Contact  beds  alone.  Open  sept  ic 
tank.    Chemical  treatment,  and  subsidence  tanks.   Subsidence  tanks. 
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ginoTis  materials,  and  coke  or  other  matter  containing 
carbon.  By  filtration  it  is  souglit  to  remove  the  sus- 
pended mattei's,  and  to  oxidise  tlie  organic  matters 
and  ammonia.  The  effluent  should  contain  only 
chlorides  and  other  dissolved  minei-al  salts  and 
nitrates,  but  some  free  and  albuminoid  ammonia  is 
always  found  upon  analysis. 

Intermittent  doionward  filtration  may  be  defined 
as  "the  concentration  of  sewage  at  short  intervals, 
on  an  area  of  specially -chosen  porous  ground  as  small 
as  will  absorb  and  cleanse  it,  not  excluding  vegetation, 
but  making  the  produce  of  secondary  importance,"  the 
flow  of  sewage  being  suspended  from  time  to  time  in 
order  to  allow  the  filter  to  become  charged  afresh  with 
oxygen  from  the  air. 

Land  filtration  requires  a  porous  soil,  underdraiued 
by  porous  pipes  at  a  depth  of  four  to  six  feet.  The 
sewage  is  distributed  over  the  sui-face  by  means  of 
branching  carriers  or  trenches,  controlled  by  sluices, 
so  that  each  portion  of  the  ground  in  turn  receives 
the  sewage  for  a  few  hours,  and  each  has  intervals  of 
rest.  The  soil  is  raised  in  ridges,  upon  which  vege- 
tables are  grown,  the  sewage  flowing  along  the 
furrows  between  the  ridges.  The  utilisation  of  the 
sewage  is  a  minor  considei"ation ;  but  vegetation 
is  useful  in  absorbing  and  assimilating  the  organic 
matter.  Land-filters  planted  with  osiers  (osier-beds) 
are  sometimes  employed  for  the  purification  of  village 
sewage,  or  for  the  occasional  treatment  of  storm  waters 
that  cannot  be  dealt  with  otherwise.  The  osiers 
absorb  water  and  sewage  matter  freely  ;  but  constant 
care  is  needed  to  prevent  choking  of  the  surface-soil, 
or  of  the  subdrainage. 

Broad  irrigation  "  means  the  distribution  of 
sewage  over  a  large  surface  of  ordinary  agricultui-al 
ground,  having  in  view  a  maximum  growth  of  vege- 
tation (consistently  with  due  purification)  for  the 
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amount  of  sewage  supplied,"  For  broad  irriga- 
tion, as  for  simple  filtration,  the  soil  should  be  porous, 
but  not  necessarily  underdrained.  The  sewage  is  dis- 
tributed over  each  portion  of  the  ground  intermittently, 
by  means  of  branching  carriers,  which  pass  along  ridges 
of  soil  twenty  or  thirty  feet  apart,  or  along  con- 
tours of  slopes,  and  are  controlled  by  sluices.  At 
intervals  the  sewage  is  turned  into  each  carrier,  and 
overflows  down  the  slope.  The  sewage  is  screened 
before  distribution,  unless  it  has  been  subjected  to 
preliminary  filtration  or  precipitation.  The  effect  is 
similar  to  that  of  simple  intermittent  downward  filtra- 
tion, of  which,  indeed,  this  is  only  a  modification. 
The  nitrates  may,  however,  be  reduced  by  vegetation. 
The  crops  grown  upon  "  sewage-farms  "  are  very  heavy. 
Italian  rye-grass  is  well  adapted  for  the  purpose, 
since  it  grows  rapidly  and  absorbs  much  sewage,  but 
many  other  forms  of  vegetation  can  be  substituted. 
If  the  land  is  limited  in  area,  provision  may  be 
made  for  temporary  excess  of  sewage  after  heavy 
rainfall  by  setting  aside  a  portion  of  the  ground  as 
a  land-filter. 

It  is  usual,  in  cases  where  the  approval  of  the 
L.G.B.  is  required,  to  provide  at  least  an  acre  of 
land  for  each  300  of  population  if  broad  irrigation  is 
adopted  ;  or  an  acre  for  each  1,000  if  there  be  either 
broad  irrigation  coupled  with  precipitation  or  inter- 
mittent downward  filtration  through  underdrained 
land ;  or  an  acre  for  each  2,000  if  precipitation  is 
followed  by  land  filtration.  It  is  considered  necessary 
to  secure  land,  to  the  above  extent,  even  if  artificial 
filters  are  provided. 

Apart  from  the  action  of  vegetation,  the  purifying 
effect  of  different  soils  shows  considerable  variation. 
The  Rivers  Pollution  Commissioners  found  that  a  cubic 
yard  of  chalk  or  sand  effectually  purified  5-6  gallons 
of  sewage  per  diem  applied  intermittently  ;  while  a 
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sample  of  loam  purified  9*9  gallons  under  the  same 
conditions.  Peat  had  slight  purifying  power  at  first, 
but  improved  with  repeated  use,  owing,  perhaps,  to 
increase  in  the  nitrifying  organisms.  Intermittent 
filtration  through  suitable  soil  removed  70  per  cent, 
of  the  organic  nitrogen,  and  upwards  of  80  per  cent, 
of  the  organic  carbon.  On  the  whole  it  may  be  said 
that  peat  and  stiff  clay  lands  are  generally  unsuitable 
for  the  purification  of  sewage,  that  their  use  for 
tliis  purpose  is  always  attended  with  difficulty,  and 
that  where  the  depth  of  top  soil  is  very  small,  say 
six  inches  or  less,  the  area  of  such  lands  which  would 
be  required  for  efficient  purification  would  in  certain 
cases  be  so  great  as  to  render  land  treatment  imprac- 
ticable. 

The  first  Sewage  Commission  (1857-1865)  reported  that  "  the 
right  way  to  dispose  of  town  sewage  is  to  apply  it  con- 
tinuously to  land,  and  it  is  only  by  such  application  that  the 
pollution  of  rivers  can  be  avoided." 

A  further  Commission  appointed  to  inquire  into  the  best 
means  of  preventing  the  pollution  of  rivers  (1868-1874)  re- 
ported with  regard  to  chemical  precipitation,  intermittent 
filtration,  and  broad  irrigation:  (1)  All  these  are  to  a  gi-eat 
extent  successful  in  removing  polluting  organic  matter  in 
suspension,  but  intermittent  filtration  is  best,  broad  irrigation 
ranks  next,  and  the  chemical  precipitation  processes  are  less 
efficient.  (2)  For  removing  organic  matters  in  solution  the  pro- 
cesses of  downward  intermittent  filtration  and  broad  irrigation 
are  greatly  superior  to  upward  filtration  and  chemical  processes. 

Another  Commission  (1882-1884)  appointed  to  inquire  into 
the  system  under  which  London  sewage  was  discharged  into 
the  Thames,  whether  any  evil  effects  resulted  therefrom,  and 
if  so,  what  remedial  or  preventive  measures  could  be  applied, 
found  that  evils  did  exist  "  imperatively  demanding  a  prompt 
remedy,"  and  that  by  chemical  precipitation  a  certain  part  of 
the  organic  matter  of  the  sewage  would  be  removed.  They 
reported,  however,  "  that  the  liquid  so  separated  would  not  be 
sufficiently  free  from  noxious  matters  to  allow  of  its  being 
discharged  at  the  present  outfalls  as  a  permanent  measui-e.  It 
would  require  further  purification,  and  this,  according  to  the 
present  state  of  knowledge,  can  only  be  done  effectually  by  its 
application  to  the  land." 
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Experience  has  sliown  that  with  careful  manage- 
ment a  properly  constructed  sewage-farm  can  be  cai-ried 
on  without  nuisance  or  injury  to  the  healtli  of  the 
surrounding  population ;  but  if  the  land  becomes 
waterlogged  from  accident,  defect,  or  inattentiouj  grave 
nuisance  may  readily  result.  It  was  at  hi'st  feared 
that  parasitic  and  other  diseases  in  animals  and  mail 
would  be  promoted  by  the  use  of  the  produce  of  sewage- 
farois  as  food,  but  no  such  result  has  been  observed. 

Bacterial  treatment.  — ■  Biological  methods 
of  sewage  purification  have  of  late  been  more 
thoroughly  studied,  with  important  results.  The 
oxidation  effected  by  the  aerobic  organisms  has  been 
increased  (1)  by  supplying  oxygen  more  freely  by 
artificial  means  on  a  contact  bed ;  that  is,  a  specially 
prepared  filter  charged  intermittently  with  sewage 
which  is  allowed  to  rest  for  a  time  upon  it,  and  (2)  by 
previously  subjecting  the  sewtige  to  anaerobic  fermen- 
tation, the  effect  of  which  is  to  bring  about  more 
complete  solution  of  the  organic  matter  and  render  it 
readily  oxidisable.  For  the  second  purpose  the 
"  septic  tank  "  has  become  widely  used.  Lowcock 
blows  air  into  the  interstices  of  the  filter  by  means  of 
perforated  pipes.  Scott- Moncrieff" passes  sewage,  after 
anaerobic  treatment,  through  a  vertical  series  of 
shallow  filter-boxes,  with  intervening  air-spaces ;  and 
finds  that  there  is  a  differentiation  of  the  microbes  in 
the  successive  stages,  so  that  if  the  sequence  of  the 
filters  is  changed  the  purification  is  for  a  time 
arrested,  and  the  effluent  becomes  foul.  Ducat's 
tank  is  filled  with  porous  material,  such  as  buriit 
balla-st  —  finer  below  and  coarser  above  ;  it  is 
ventilated  by  field-pipes  passing  through  at  various 
levels,  and  the  walls  of  the  tank  are  for  the  most  part 
built  of  open  drain-pipes,  placed  transversely  so  as 
to  admit  air  freely ;  it  is  claimed  that  the  tank  can 
be  used  continuously  without  rest,  and  that  no  further 
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treiitinenfc  is  necessary,  Dibdin  employs  a  tank  filled 
with  coarse  burnt  ballast ;  the  sewage  is  run  in  and 
allowed  to  stand  for  two  hours,  after  which  it  is 
slowly  run  off — to  filters,  or  to  a  second  tank  with 
finer  materials — and  the  taidc  is  allowed  several 
hours'  rest  for  aeration. 

Bacterial  purification  depends  upon  two  main 
groups  of  oi'ganisms,  namely,  those  that  are  able  to 
break  down  and  liquefy  solid  organic  matter,  and 
those  that  deal  with  it  when  in  solution ;  but  no 
strict  line  of  demarcation  can  be  drawn  between 
them.  Different  systems  depend  upon  an  anaerobic 
action  (Cameron,  Scott-Moncrieff,  etc.)  or  aerobic 
(Dibdin,  Fowler,  etc.),  or  a  mixture  of  the  two. 
Whatever  system  is  used,  the  two  great  agencies  of 
breaking  down  and  oxidation  must  be  allowed  ample 
opportunity.  {Two  examples  are  furnished  in 
Cameron's  sefiic  tank  (anaei'obic)  at  Exeter  and  many 
other  places,  and  in  the  multiple  contact  bacteria-beds 
(aerobic)  at  the  Davyhulme  Works,  Manchester. 

For  contact  beds  burnt  clay,  coke,  clinker, 
cinders,  or  various  forms  of  gi'avel  may  all  be 
efiicient  media,  provided  there  is  ample  aeration 
and  porosity.  The  necessary  organisms  exist  in  the 
sewage,  but  require  abundant  oxygen.  To  assist  in 
maintaining  aeration  the  surface  should  be  raked 
over  from  time  to  time.  Obstruction  by  frost  rarely 
occurs,  the  temperature  of  the  sewage  being  from 
December  to  April  about  55-5°  F.  Frequent  and 
prolonged  periods  of  rest  ai'e  necessary  ;  without 
them  the  beds  become  clogged,  and  eventually  inactive 
because  lacking  in  aerobic  bacteria.  The  sewage 
applied  to  the  bed  should  be  as  far  as  possible 
tmiform  in  consistence  and  freed  from  suspended 
matters  by  sedimentation.  Any  suspended  matter 
not  so  removed  should  be  retained  as  far  as  possible 
on  the  surface  of  the  bed. 
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Fowler  concludes  that  the  bacterial  process  is  best 
conducted  in  three  stages  :  —  (a)  settlement  and 
screening  out  of  the  grosser  solids ;  ih)  anaerobic 
deconijjosition  in  the  septic  tank  ;  and  (c)  oxidation 
on  bacteria  beds.  He  summarises  the  conditions  of 
the  successful  working  of  contact  beds  as  the  result  of 
the  Manchester  experience  as  follows  : — 

(1)  The  bed  should  be  worked  very  slowly  at  first,  in  order 
to  allow  it  to  settle  down  and  the  bacterial  growths  to  form. 
In  this  way  there  will  be  less  danger  of  suspended  matter 
finding  its  way  into  the  body  of  the  bed,  while  the  material  is 
still  loose  and  open.  (2)  The  burden  should  not  be  increased 
till  analysis  reveals  the  presence  of  surplus  oxj'gen,  either 
dissolved  or  in  the  form  of  nitrates  in  the  efiluent.  (3)  An- 
alyses of  the  air  in  the  bed  may  usefully  be  made  from  time 
to  time  during  resting  periods.  (4)  The  variations  in  capacity 
should  be  carefully  recorded.  If  the  capacity  is  found  to 
be  rapidly  decreasing,  a  period  of  rest  should  be  allowed. 
(5)  Long  periods  of  rest  should  be  avoided  during  winter,  as  when 
deprived  of  the  heat  of  the  sewage  the  activity  of  the  organisms 
decreases.  If  necessary,  the  burden  on  the  bed  should  then 
be  decreased  by  reducing  the  number  of  fillings  per  day, 
rather  than  by  giving  a  long  rest  at  one  time.  (6)  The  insolu- 
ble suspended  matter  should  be  retained  on  the  surface  by 
covering  the  latter  with  a  layer  of  finer  material  not  more  than 
three  inches  in  depth.  The  suspended  matter  thus  arrested 
should  not  be  raked  into  the  bed,  but  when  its  amount  becomes 
excessive  it  should  be  scraped  otf.  This  should  be  done  if 
possible  in  dry,  warm  weather,  after  the  bed  has  rested  some 
days.  By  placing  the  inlet  and  outlet  penstocks  as  close 
together  as  possible,  the  suspended  matter  will  tend  to  concen- 
trate in  their  vicinity,  and  its  removal  will  be  facilitated. 

It  should  be  noted  that  if  sewage  contains  patho- 
genic bacteria,  and  is  then  treated  by  bacterial 
methods,  the  effluent  cannot  certainly  be  assumed 
to  be  safer  in  this  respect  than  the  raw  sewage  diluted, 
and,  therefore,  effluents  should  not  be  passed  into 
drinking-water  streams,  but  on  to  the  land. 

Selection  of  method. — The  choice  among  the 
various  methods  of  purification  of  sewage  must  be 
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determined  largely  by  local  considerations.  We 
have  already  quoted  the  findiiags  of  the  Sewage  Com- 
mission of  1868  (see  page  270).  If  the  sewage  is  free 
from  manufacturing  effluents  of  injurious  character, 
and  if  a  sufficient  area  of  suitable  land  can  be  obtained 
in  a  convenient  position  at  a  reasonable  cost,  broad 
irrigation  is  entitled  to  preference  as  the  most  rational 
and  economical  method  of  treatment.  If  there  is 
serious  difficulty  in  obtaining  suitable  land,  simple 
intermittent  downward  filtration,  or  the  bacterial 
treatment,  may  be  preferable  ;  and  precipitation  pro- 
cesses and  artificial  filters  for  still  smaller  areas  may 
suffice: 

Proper  construction  in  the  first  instance,  and 
careful  management  afterwards,  are  essential  in  every 
process,  and  without  them  nuisance  cannot  fail  to 
result.  It  is  desirable,  for  the  sake  of  economy  and 
efficiency  in  management  and  supervision,  that  sewage 
should  be  dealt  with  at  as  few  points  as  possible. 
The  process  of  purification  is  greatly  facilitated  by  the 
"  separate  "  system  of  drainage,  the  volume  of  sewage 
being  thereby  reduced  and  rendered  more  constant. 

In  manufacturing  districts  the  principal  difficulty 
arises  in  connection  with  trade  effluents.  Many 
kinds  of  manufacturing  refuse  if  admitted  into  the 
sewers  interfere  with  the  efficacy  of  land-filtration, 
either  by  clogging  the  soil  or  chemically  checking 
the  process  of  oxidation.  The  latter  condition  also 
operates  prejudicially  in  bacterial  methods.  In  such 
cases  a  preliminary  purification  by  precipitation  is 
necessaiy,  and  it  is  probable  that  the  effluents  of 
different  trades  will  be  found  to  require  different 
chemical  treatment.  If  they  are  poured  into  streams 
without  purification,  they  cause  pollution  exceeding  in 
intensity  that  caused  by  domestic  sewage.  For  each 
manufacturer  in  such  a  district  to  deal  with  his  own 
refuse  would  entail  a  very  heavy  aggregate  expense  ] 
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and  the  multiplication  of  such  works  is  in  itself  un- 
desirable, since  it  must  increase  the  risks  of  mis- 
management and  failure.  Still,  where  trade  effluents 
cannot  be  received  into  the  sewers,  the  responsibility 
for  their  purification  rests  with  those  who  produce 
them.  In  some  cases  the  difficulty  may  be  overcome 
by  combination  among  manufacturers,  and  in  others 
by  the  provision  of  a  special  intercepting  sewer.  A 
satisfactory  compromise  has  been  reached  in  some 
towns  by  the  manufacturers  partially  purifying  the 
effluents  before  turning  them  into  the  sewers. 

The  Rivers  Pollution  Commissioners  in  1868 
proposed  that  impurities  exceeding  any  of  the 
following  standards  should  be  held  to  render  an 
effluent  unfit  for  discharge  into  a  river  : — 


Imxjuiity. 

Parts  per  100,000 
in  excess  of 

Other  standards. 

Ill  suspension — 

1' Perfect  rest  in  subsi- 

Organic  matter  . 

1 

J  dence    tanks   for  at 

Mineral    matter   in  su.s- 

j  least  six  hours  also 

pension  .  . 

3 

required. 

Oily  matter  iu  suspension 

0-05 

Or  any  fihn  of  oil  on 

7)1  sobition — 

the  surface. 

Organic  matter : — 

Organic  carbon 

2 

Organic  nitrogen  . 

0-3 

Metals  (other  than  K,  Na, 

Ca,  Mg.).      .      .  . 

2 

Arsenic  .... 

0-05 

Chlorine  (free,  after  ad- 

dition of  H0SO4)  . 

1 

SiUphur  as  sulphides 

1 

Acidity  (as  HCl) 

2 

Alkalinity  (as  NaHO) 

1 

Colour  .... 

Any  distinct  colour  in 
depth  of  1  inch  when 
examined  by  daylight 
iu  a  white  vessel. 

The  following  have  been  suggested  as  general 
conditions  which  an  effluent  ought  to  fulfil  :  (a)  It 
must   contain  practically  no  solids  in  suspension ; 
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(6)  it  must  not  contain  in  solution  a  quantity  of 
organic  matter  sufficient  to  absorb  much  oxygen 
from  tlie  stream  into  which  it  is  discharged ;  (c)  it 
must  not  be  liable  to  putrefaction  or  secondary 
decomposition  ;  {d)  it  must  contain  nothing  inimical 
to  microbial  growth  and  activity,  therefore  it  must 
not  be  treated  with  strong  antiseptics ;  and  (e)  it  must 
not  contain  pathogenic  organisms. 
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CHAPTER  X 

DISPOSAL  OF  THE  DEAD 

The  daily  average  of  deaths  in  England  and  Wales 
is  about  1,500.  The  disposal  of  this  enormous  number 
of  dead  (many  of  whom  have  died  of  infectious  dis- 
eases) in  such  manner  as  to  avoid  danger  to  the  living 
is  a  sanitary  problem  which,  like  many  others,  has  only 
received  due  attention  within  comparatively  recent 
years.  The  horrible  overcrowding  of  graveyai'ds  which 
prevailed  in  the  early  part  of  last  century  is  now 
rarely  met  with,  and  is  only  possible  in  the  older 
grounds  which  are  not  subject  to  modern  regulations, 
and  which  have  not  been  formally  closed  by  Order  in 
Council.  Seymour  Haden  has  shown  that  if  carcases 
are  covered  by  a  foot  of  suitable  earth,  the  perishable 
parts  disappear  inoffensively  within  twelve  months, 
and  speaking  broadly  it  may  be  said  that  for  every 
foot  of  depth  below  the  surface  of  the  soil  one  year  or 
thereabouts  is  necessary  for  resol|Ution,  The  present 
practice,  however,  and  even  the  law,  are  incon- 
sistent with  burial  sufficiently  shallow  to  permit 
of  the  due  action  of  the  nitrifying  organisms  found 
only  in  the  upper  layers  of  the  soil.  The  objects  of 
earth-burial  are  further  frustrated  by  the  still  preva- 
lent use  of  metallic  or  heavy  wooden  coffins. 

Biirml-g^rouiicls.— The  objects  to  be  aimed  at  are 
rapid  resolution  and  complete  oxidation  or  absorp- 
tion of  the  products.  Hence  the  soil  should  be  light, 
open,  porous,  and  either  naturally  or  artificially 
drained  to  a  depth  of  not  less  than  eight  feet,  so  that 
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air  and  moisture  may  pass  freely  but  in  a  finely 
divided  state.  Loam  or  sandy  mould  is  about  the 
best  soil ;  clay  is  diilicult  to  drain,  retards  decora- 
position  by  excluding  air  and  moisture,  and  either 
retains  the  products  of  decomposition  or  allows 
them  to  escape  through  fissures.  A  loose  stony 
soil  allows  gases  to  escape  too  freely.  In  cases  of 
difliculty,  as  regards -soil  or  drainage,  the  level  may 
be  raised  artificially.  It  is  desirable  that  burial- 
grounds  .should  not  closely  adjoin  dwellings.*  While 
convenient  of  access,  they  should,  therefore,  be  placed 
outside  the  limits  of  present  or  probable  future  dense 
building,  and  a  margin  of  twenty  feet  or  more  in  width 
should  be  reserved  for  walks  and  planting.  The 
surface  should  be  grassed.  Cemeteries  should  not  be 
placed  on  elevated  ground  whence  the  natural  drainage 
may  find  its  way  to  dwellings  below,  or  may  contami- 
nate any  water  supply.  For  obvious  reasons,  lands 
liable  to  floods  or  encroachment  by  streams  or  by 
the  sea  are  unsuitable.  For  Model  Bye-laws  see 
p.  599.  The  ordinary  grave  si)ace  being  nine  feet  by 
four,  it  is  usually  estiniated  that  an  acre  of  ground 
is  a  minimum  allowance  for  a  population  of  1,000 
persons  for  fifty  years.  The  four  chief  sanitary  con- 
siderations therefore  to  be  held  in  view  in  the 
provision  of  burial  grounds  are  {a)  suitable  soil  and 
proper  elevation  of  site,  (6)  a  suitable  .  position, 
especially  with  respect  to  houses  and  sources  of 
water  supply,  (c)  suflficient  space,  and  (c/)  proper 
regulation  and  management.  (L.G.B.  Memorandum, 
1906.) 

There  can  be  no  question  of  the  injurious  efiects 
of  overcrowded  burial-grounds  upon  the  health  of  the 

*  The  Public  Healtli  (Tntennents)  Act,  1S70,  proliibited  the  construction 
of  a  cemetery  within  200  yarfls  (reduced  to  100  by  the  Burials  Act,  1906) 
of  any  dwelling  witliout  tlie  consent  of  the  owner  and  occupier.  Tliere 
is  no  restriction  if  su(^h  consent  is  obtained,  nor  any  prohibition  of  future 
^juilding  nearer  to  the  cometevy. 
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immediately  surrounding  population,  but  there  is  no 
clear  evidence  of  harm  accruing  under  the  conditions 
enforced  in  modern  well-regulated  cemeteries.  The 
dangers  to  be  apprehended  are  contamination  of  air 
and  water,  to  which,  perhaps,  ought  to  be  added  the 
possible  retention  or  even  multiplication  of  the  germs 
of  specific  disease,  many  varieties  of  which  can  live  in 
the  soil.  Effluvia  may  rise  to  the  surface,  or  pass  later- 
ally for  unknown  distances,  possibly  to  the  basements 
of  houses  ;  but  this  is  not  likely  to  happen  if  the  con- 
ditions already  specified  are  observed.  The  drainage, 
artificial  or  natural,  must  be  so  arranged  that  it  cannot 
find  access  to  any  supply  of  drinking-water,  be  it 
stream,  well,  or  other  source.  Investigations  by 
Buchanan  Young  show  that  organic  matter  and 
bacteria  are  increased  in  the  deeper  layers  of  soil,  but 
not  in  the  upper  reaches.  In  vaults  and  over  graves 
with  an  insufficient  covering  of  earth  foetid  organic 
matter,  ammonia,  ammonium  suli^hide,  and  sulphur- 
etted hydrogen  have  been  found. 

Persons  taking  part  in  exhumations  have  in  many 
instances  suffered  from  febrile  attacks  of  varying 
character  and  intensity  ;  but  as  a  rule  nothing  moi'e 
than  diarrhoea,  and  occasionally  vomiting,  results 
from  such  exposure,  and  that  only  in  a  minority  of 
cases.  Much  depends  upon  the  completeness  of  the 
putrefactive  changes.  Grave-diggers  do  not  appear 
to  be  an  uialiealtby  or  short-lived  class. 

Brick  graves,  vaults,  catacombs,  heavy  oak  coffins, 
and  (worst  of  all)  lead  coffins,  are  all  objectionable,  and 
represent  a  futile  attempt  to  pi'event  decomposition. 
They  only  retard  the  process,  and  render  it  far  more 
likely  to  injure  the  living  than  if  the  pent-up  gases 
and  fluids  were  exposed  to  the  deodorising  and 
oxidising  influence  of  aerated  earth.  Perishable 
coffins  of  wicker,  light  wood,  or  papier  ondche,  are 
most  suitable  of  all. 
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"  The  degree  to  which  the  purity  of  neighbouring  wells  is 
endangered  by  a  cemetery,  and  the  distance  to  which  con- 
tamination may  extend,  obviously  depend  in  each  particular 
case  upon  the  relative  elcA'ation  of  the  respective  sites  of 
cemetery  and  well,  and  upon  the  nature  and  dip  of  the  inter- 
vening strata,  so  that  it  would  seem  impossible  to  lay  down  a 
general  rule  for  all  cases.  Fissured  rocks  might  allow  foul 
matters  to  traverse  considerable  distances,  while  the  interposi- 
tion of  a  bed  of  clay  or  a  water-tight  fault'  would  shut  them  off, 
or  the  passage  through  an  aerated  stratuna  of  finelj'  divided 
earth  woidd  oxidise  and  destroy  them  on  their  way.  A 
dangerous  state  of  things  occurs  when  graves  and  wells  are  sunlc 
near  together  in  a  shallow  superficial  water-bearing  stratum  of 
loosely  porous  nature  resting  on  impervious  clay.  From  ex- 
periments made  at  Dresden  by  Professor  Fleck  ...  it 
would  seem  that  the  degree  to  which  wells  so  situated  are  liable 
to  pollution  is  greater  when  the  surface  of  the  subsequent  clay 
bed  is  horizontal  than  when  it  is  sloping,  even  though  the  slope 
be  towards  the  well.  In  the  latter  case  the  ground-water  is  on 
the  move ;  in  the  former  it  is  stagnant,  and  hence  the  foul 
matters  are  concentrated  in  a  smaller  volume  of  water ;  just  as 
the  water  of  a  stagnant  pool  is  more  liable  to  become  foul  than 
that  of  a  running  stream.  It  does  not  appear,  however,  that  the 
risk  to  which  wells  are  exposed  from  the  proximity  of  a 
properly  managed  cemetery  is  in  ordinary  cases  great.  Aleakj"^ 
cesspool  is  a  far  greater  source  of  danger  than  a  gi-ave.  The 
solid  and  liquid  excretions  voided  by  a  human  being  in  the 
course  of  a  year  amount  to  several  times  the  weight  of  his 
body. 

"The  State  Board  of  Health  of  Massachusetts  .  .  .  give  a 
series  of  analyses  of  water  from  wells  in  the  neighbourhood  of 
cemeteries.  Of  seven  wells  in  sandy  and  gravelly  soil,  varying 
in  depth  from  4  to  17  feet,  situated  at  distances  respectively  of 
60,  50,  10,  100,  200,  7.5,  and  100  feet  from  the  nearest  grave, 
and  having  no  other  sources  of  contamination  at  hand,  one  onlj'' 
showed  undoubted  evidence  of  contamination  ;  this  was  10  feet 
from  the  nearest  grave,  the  most  recent  interment,  made  five 
and  a  half  months  before,  being  35  feet  distant ;  the  three 
purest  wells  were  those  at  60,  50,  and  75  feet  distance.  The 
chemical  characters  by  which  it  may  be  inferred  that  the  con- 
tamination of  a  particular  water  is  derived  from  decomposing 
bodies  rather  than  from  sewage,  are  a  high  proportion  of 
nitrogenous  organic  matter  and  ammonia,  or  if  oxidation  have 
proceeded  further,  of  nitrates  and  nitrites,  relatively  to  the 
amount  of  chlorides  present,  and  also  the  presence  in  notable 
quantity  of  phosphates."    (L.G.B.  Memorandum,  18S0.) 
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The  chief  precautious  to  be  taken  to  avoid  pollution  of 
wells  and  springs  by  burial  grounds  are  («)  "  the  intervention 
of  a  sufficient  space  between  the  burial  ground  and  the  water 
supply,  (/;)  proper  drainage  where  necessary  in  order  that  the 
subsoil  water  of  the  bm-ial  ground  shall  be  conveyed  away,  and 
{(•)  proper  management  of  the  burial  ground,  so  that  the 
amount  of  organic  n^atter  in  one  place  shall  not  be  more  than 
the  soil  can  dispose  of."    (L.G-.B.  Memorandim,  1906.) 

Both  ui'ban  and  rural  authorities  are  enabled  by 
the  P.H.  (Interments)  Act  of  1879  to  provide  ceme- 
teries for  their  districts,  and  must  do  so  if  required 
by  the  L.G.B.  The  cemetery  need  not  be  within 
the  district  of  the  S.A.  The  Ii.G-.B.  point  out,  in  a 
memorandum  issued  in  1879,  that  it  is  incumbent  upon 
the  S.A.  to  take  action — 

1.  Where  in  any  burial-ground  that  remains  in 
use  there  is  not  proper  space  for  burial,  and  no  other 
suitable  burial-ground  has  been  provided. 

2.  Where  the  continuance  in  use  of  any  burial- 
ground  (notwithstanding  there  may  be  such  space)  is, 
by  reason  of  its  situation  in  relation  to  the  water 
supply  of  the  locality,  or  by  reason  of  any  circum- 
stances whatsoever,  injurious  to  the  public  health. 

3.  Where,  for  the  protection  of  the  public  health, 
it  is  expedient  to  discontinue  burials  in  a  particular 
town,  village,  or  place,  or  within  certain  limits. 

The  necessity  may  also  arise  from  unsuitability  of 
the  site  or  of  the  subsoil,  or  from  inconvenience  of 
access  from  populous  parts  of  the  district. 

If  it  is  desirable,  upon  the  above  or  other  grounds, 
to  close  any  existing  burial-place,  a  representation 
must  be  made  to  the  Home  Secretary  for  the  purpose 
of  obtaining  an  Order  in  Council  to  that  effect,  under 
the  provisions  of  the  Burial  Act  of  1853. 

In  excavations  for  new  Iniildings  in  cities  not  in- 
frequently skeletons  and  coffins  are  met  with,  which 
i  it  is  necessary  to  remove.  For  removal  from  one 
consecrated  ground  to  another  a  faculty  from  the 
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Bishop  of  the  diocese  may  suffice,  but  otherwise 
application  must  be  made  to  the  Home  Hecretary, 
from  whom  "  a  licence  for  the  removal  of  human 
remains,"  under  the  Burial  Act,  1857  (s.  25),  may  be 
obtained.  The  remains  are  then  suitably  re-coffined 
in  boxes  and  re-interred  in  a  buiial  ground  where 
burials  niay  legally  take  place. 

Interments  underneath  or  within  the  walls  of  any 
church  built  after  1848  are  forbidden  by  the  P.H. 
Act  of  1848  (s.  83 ;  re-enacted  by  the  P.H.  Act,  1875). 
No  buildings  must  be  erected  upon  any  disused 
burial-ground,  except  for  the  purpose  of  enlarging  a 
place  of  worship  (Disused  Burial  Gi-ounds  Act,  1884). 

Cremation. — In  a  crematorium  of  modern  con- 
struction a  body  of  average  weight  is  reduced  to 
about  3  lbs.  of  inorganic  ash  within  two  hours.  The 
usual  fuel  is  coal  and  coke,  but  Fradet  recommends 
gas.  In  either  case,  a  ventilating  shaft  with  pilot  fire  at 
its  base  is  necessary.  The  chief  objections  to  cremation 
are  that  the  soil  is  deprived  of  the  organic  matter  that 
would  otherwise  be  returned  to  it,  that  it  involves  an 
unnecessary  waste  of  the  world's  limited  stock  of  com- 
bined nitrogen,  and  that  the  impossibility  of  exhuma- 
tion would  increase  the  facilities  for  concealing 
homicide.  The  first  objection  has  no  great  weight  at 
present,  since  little  attempt  is  made  to  utilise  burial- 
grounds  by  cultivation.  The  last  is,  however,  more 
serious,  and  cannot  be  regarded  as  satisfactorily  met 
by  the  proposition  of  minute  and  detailed  autopsy  in 
every  case.  Half  a  million  examinations  annually, 
each  sufficiently  detailed  to  cover  every  known  poLson 
and  every  possible  wound,  would  be  impi'acticable, 
especially  as  the  result  must,  in  the  vast  majority  of 
cases,  be  negative.  The  discovery  of  organic  disease 
would  not  by  any  means  necessarily  exclude  the  pos- 
sibility of  foul  play.  Some  few  poisons,  such  as 
copper,  might  be  detected  in  the  ashes,  but  organic 
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and  volatile  mineral  poisons  would  be  dissipated  by 
cremation.  It  is  true  that  under  present  conditions 
occasion  for  exhumation  rarely  arises,  but  the  possi- 
bility of  it  may  to  some  extent  act  as  a  check  upon 
crime.  The  Ci-emation  Act,  1902,  empowers  Burial 
Authorities  (Burial  Boards  or  other  local  authorities 
maintaining  cemeteries)  to  provide  and  maintain 
crematoria.  The  plans  and  site  must  be  approved  by 
the  L.G.B.,  and  the  completion  must  be  notified 
to  the  Home  Secretary  before  any  cremation  takes 
place.  No  crematorium  may  be  built  within  50 
yards  of  any  public  highway,  within  200  yards  of  a 
dwelling-house  (except  by  consent  of  owner),  or 
within  the  consecrated  part  of  a  burial-ground. 

Home  OflSce  Regulations  of  1903  impose  conditions  as  to 
maintenance,  inspection  (by  Home  Office  andL.G.B.),  disposal 
of  ashes,  and  the  further  points  stated  below.  Cremation  is 
not  allowed  if  the  deceased  has  left  written  directions  to  the 
contrary,  or  if  the  body  has  not  been  identified.  There  must 
be  («)  medical  certificates  as  to  the  cause  of  death  from  two 
registered  practitioners  (one  being  the  medical  attendant  and 
the  other  a  practitioner  of  at  least  five  years'  standing  who 

(1)  is  specially  appointed  by  the  Authority  for  the  purpose,  or 

(2)  is  M.O.H.,  Certifying  Surgeon  imder  the  Factory  Act, 
or  Medical  Kefereo  under  the  AVorkmen's  Compensation  Act, 
or  (3)  is  physician  or  surgeon  to  a  public  general  hospital  with 
at  least  50  beds),  or  (i)  a  certificate  giA'en  after  post-mortem 
examination  by  a  skilled  ijathologist,  or  (c)  a  certificate  given 
by  a  coroner  after  inquest.  In  certain  circumstances  (Z>)  and 
(c)  become  essential. 

A  Medical  Referee  must  be  appointed  by  the  Authoritj^, 
and  a  deputy  to  act  for  him  in  his  absence  or  in  cases  where  he 
is  the  medical  attendant.  His  certificate  that  all  the  condi- 
tions have  been  fulfilled  is  necessary  before  any  cremation  can 
take  place,  but  certain  relaxation  can  be  allowed  by  him  in 
exceptional  cases  (persons  dying  of  plague,  yellow  fever,  or 
cholera,  on  ship  or  in  an  isolation  hospital ;  still-born  children; 
bodies  exhumed  after  burial  for  more  than  a  year).  Other 
modifications  can  be  made  temporarily  by  Order  of  the  Home 
Secretary  on  application  of  the  S.A.,  during  an  epidemic  or 
for  other  sufficient  reason.  In  190G  the  number  of  cremations 
in  the  United  Kingdom  was  743. 
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CHAPTER  XI 

ANIMAL  PARASITES 

In  addition  to  the  pathogenic  bacteria,  belonging 
rather  to  the  vegetable  than  the  animal  kingdom,  the 
human  body  is  liable  to  invasion  by  a  number  of 
parasitic  animal  organisms,  among  which  the  following 
are  the  most  important. 

Protozoa  are  unicellular  animals,  little  more 
highly  developed  than  some  of  the  bacteria.  They 
are  usually  divided  into  four  classes :  Rhizopods, 
Sporozoa,  Flagellates,  and  Infusoria.  The  last 
•named  group,  which  includes  paramcpciuin,  need  not 
be  further  considered.  It  is  only  recently  that  the 
relation  between  these  protozoa  and  human  disease 
has  been  demonstrated  with  any  clearness. 

The  Rhizopods  are  the  lowest  groiip,  and  com- 
prise the  amoebae  which  move  by  pseudopodia  and 
reproduce  themselves  by  simple  division.  Many  kinds 
of  amoeba  occur  in  the  human  intestine,  some  being 
genuine  rhizopods  in  vegetative  stage,  others  being 
amoeboid  stao^es  of  higher  forms.  Two  of  the 
forms  {Gymnamoebce)  are  human  parasites,  namely, 
the  amotba  coli  (or  as  it  is  termed  by  Schaudin, 
entamoeba)  and  the  amoeba  dysenterioi  (entamoiba 
histolytica).  The  former  appears  in  the  excreta  of  20 
-50  per  cent,  of  healthy  persons,  though  it  is  not 
easy  of  detection.  The  latter  is  possibly  the  cause, 
wholly  or  partly,  of  dysentery,  as  comnionly  occurring 
in  the  tropics. 

The  Sporozoa  are  so  called  because  at  one  stage  of 
their  life  history  the  individual  breaks  up  into  a  number 
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of  minute  reproductive  bodies  resembling  the  spores 
of  fungi,  often  encysted.  This  group  includes  the 
gregarines  which  inhabit  the  digestive  tract  of 
crustaceans,  the  coccidia  which  are  intestinal  parasites 
in  birds  and  in  animals,  and  the  hmnoprotozoa,  or 
■  parasites  of  blood  corpuscles,  classified  by  Sfimbon 
into  four  groups.  The  life  history  comprises  alterna- 
tion of  generations  and  change  of  host.  Once  the 
sexually-produced  reproductive  body  or  spore  finds  its 
way  into  a  suitable  host  it  attains  its  full  size  and 
then  splits  up  into  individuals  which  carry  on  the 
cycle, 

Coccidium  oviforme  produces  coccidiosis  or  psorospermosis  in 
rabbits  and  other  animals.  Fyrosoma  bigeminim,  the  cause  of 
Texas  fever  in  cattle,  which  is  transmitted  by  a  tick,  is  a  closely 
allied  organism. 

The  Flagellates  include  the  Try2)anosoma,  and  tlje 
Trypanojilasma.  The  latter  occur  in  fishes  only.^ 
The  former  cause  various  diseases  of  horses,  bovines, 
rodents,  etc.  They  have  now  been  shown  to  be  the 
cause  of  certain  diseases  of  man,  such  as  sleeping  sick- 
ness, and  some  are  conveyed  by  a  fly,  Glossina  pal2Kdis. 
A  trypanosome  has  a  long  spermatozoon-like  body 
fringed  on  one  side  with  an  undulating  membrane  pro- 
longed at  the  anterior  end  into  a  flagellum.  The  body 
possesses  a  large  nucleus.  The  oi'ganism  passes  through 
various  stages  in  its  life  cycle,  and  a  connection  has 
recently  been  established  between  the  malaria  parasite 
and  the  trypanosome.  The  majority  of  trypanosomes 
and  other  hasmoprotozoa  have  a  life  cycle  consisting 
of  alternating  gut  parasitism  and  blood  parasitism. 

The  next  group  of  animal  parasites  infesting  man 
are  the  Insecta  and  the  Arachnida,  Among  the  former 
are  fleas,  bugs,  lice,  the  Fulicidce,  and  the  larvae  of 
certain  flies  ;  among  the  latter  are  the  mites,  ticks, 
and  Fentastoinata.    More  important  are  the  parasitic 
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worms,  which  may  be  divided  bimdly  into  two  groups 
as  follows  : — 

1.  The  flat  worms  (Platyhelminthes),  which  ai'e 
usually  sub-divided  into  the  Cestoda  or  tapeworms 
and  the  Trematoda  or  flukes. 

2.  The  round  or  thread  worms  (Nemathelminthes) 
or  Nematoda.  This  group  includes  the  common  thread 
woi'm  {Oxyuris  verniicidaris),  the  common  round  worm 
(Ascaris  htmbricoides),  and  the  various  forms  of  filarise 
and  ankylostoma. 

TflBiiia<la. — It  has  been  said  that  as  many  as  a 
dozen  forms  of  tapeworm  occur  in  man.  This  species 
of  Cestoda  i)asses  through  two  distinct  phases,  in  two 
different  hosts.  In  one,  the  head,  or  scolex,  togetlier 
with  a  cystic  expansion,  is  embedded  in  muscle  and 
other  solid  tissues ;  in  the  other,  the  strohilus  or 
tapeworm  occupies  the  alimentary  canal  of  some 
otlier  animal.  If  the  flesh  containing  taenia  cysts 
{cysticerci)  is  eaten  by  another  animal,  the  scolex 
reaches  the  alimentary  canal  of  the  new  host,  loses 
its  cyst,  and  attaches  itself  to  the  wall  of  the  intes- 
tine. It  then  develops  from  the  caudal  end  joint 
after  joint  of  proglottides,  square  or  oblong  flat 
segments,  each  of  which  is  provided  w-ith  double 
sexual  organs.  The  chain  of  proglottides  may  attain 
a  length  of  many  feet.  Ova  are  produced  in  the 
segments,  and  escape  with  the  excreta  of  the  host  if 
the  segments  rupture  or  become  detached,  or  if  the 
whole  of  the  tapeworm  is  expelled.  Some  of  the  ova 
are  swallowed  by  a  herbivorous  host,  and  the  embryo 
then  bursts  its  shell,  makes  its  way  froin  the  intes- 
tine to  the  solid  tissues  of  the  host,  and  after  develop- 
ing anew  into  a  cysticercus,  remains  passive  until  it  is 
devoured  by  a  carnivorous  animal,  or  perishes.- 

Man  is  subject  to  tapeworms,  and  more  rarely  to 
their  cysticerci.  Tamia  solium,  one  of  the  commonest 
of  human  tapeworms,  attains  a  length  of  seven  to  ten 
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feet  or  more,  consisting  sometimes  of  700  to  800 
proglottides.  Tlie  head  is  about  the  size  of  the  head 
of  a  pin,  and  bears  four  suctorial  discs,  and  a  double 
circle  of  booklets  surrounding  a  prominence  or  ros- 
tellum.    It  attains  its  full  development  in  three  or 

.  four  months,  but  may  remain  in  the  intestine  for  years. 
The  ovum  is  spherical,  inch  in  diameter,  and 

has  a  thick  brown  shell ;  the  embryo  has  six  hooks. 
The  cysticerciis  or  bladder  worm  of  the  Tcunia  solium 
is  termed  Cysticercus  cellulosce.  It  affects  the  pig, 
and  more  rarely  man ;  in  the  latter  it  lodges  in  the 
muscles,  connective  tissues,  brain,  eye,  and  serous 
membranes,  and  attains  its  full  development  in 
about  2\  months.  The  cyst  reaches  the  size  of  a  pea, 
or  even  a  marble ;  the  head  or  scolex  has  a  double 
crown  of  booklets.  In  pigs  it  constitutes  the  affection 
known  as  "  measles,"  and  the  consumption  of  un- 
cooked "  measly  pork  "  is  the  chief  source  of  Tcenia 
solium  in  man. 

Tcenia  mediocanellata  is  more  common  than  Taenia 
solium,  and  somewhat  resembles  it,  but  its  length 
is  greater  (20  ft.).  The  head  is  about  inch  in  dia- 
meter, and  has  four  suckers,  but  no  rostellum  or 
booklets.  The  eggs  are  oval,  the  short  diameter  being 
about  inch.  The  Cysticercus  tcenice  mediocanellatce, 
or  Cysticercus  hovis,  is  an  oval  vesicle  smaller  than 
the  Cysticercus  cellulosce.    It  consists  of  a  cyst,  and 

;  a  scolex  identical  with  the  head  of  the  ttenia  itself. 
It  occurs  in  the  flesh  of  cattle  and  produces  "  beef 

'  measles." 

Bothrioceplialus  latus. — This  taenia  attains  a 
length  of  24  feet  or  more.  The  head  is  ovoid,  inch 
long,  iand  has  two  longitudinal  grooves  or  suckers,  but 
no  booklets.  The  body  is  ribbon-like  and  may  have 
as  many  as  3,000  scigments.  The  eggs  are  oval,  about 
-gi-y  inch  shorter  diameter,  and  open  by  a  lid  at  one  end. 
'i  The  cysticercus  is  found  in  pike,  turbot,  perch,  and 
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other  fish.  It  may,  perhaps,  gain  access  to  the  ali- 
mentary canal  of  the  fish  by  means  of  water,  as  the 
embryo  is  ciliated,  and  is  found  in  river  water.  The 
tjenia  is  met  with  principally  in  the  Baltic  countries 
(Russia,  Poland,  Sweden)  and  in  Switzerland. 

Tcenia  echinococcus  affects  the  dog  and  wolf  only. 
The  head  resembles  that  of  Tcenia  solium  in  presenting  a 
I'ostellum  surrounded  with  a  double  row  of  booklets  and 
four  suckers,  but  it  is  only  inch  in  width.  There 
are  four  segments  only,  and  the  whole  adult  tapeworm  is 
about  2  inches  long.  The  eggs  are  spherical  and  con- 
tained only  in  the  terminal  or  reproductive  segment. 
Its  cysticercus  is  a  dangerous  human  parasite  affecting 
the  liver  and  various  other  parts  of  the  body  under 
the  name  of  hydatid,  which  occurs  more  frequently 
in  Iceland  and  Australia  than  in  Great  Britain. 
Unlike  other  cysticerci  it  increases  indefinitely  in 
size,  becoming  sometimes  a  large  cyst ;  it  also  forms 
within  itself  secondary  cysts,  some  of  which  ("  brood- 
capsules  ")  contain  one  or  more  scolices  (echinococci) 
and  remain  m  invite,  while  others,  containing  no 
scolex,  enlarge  and  form  "daughter  cysts,"  which 
may  in  tux*n  produce  new  cysts  by  gemmation.  After 
death  the  scolex  or  echinococcus  resembles  the  head 
of  the  tsenia,  but  during  life  it  is  retracted  into  a 
depression,  and  thereby  turned  inside  out.  Hydatids 
may  continue  to  grow  for  an  indefinite-  number  of 
years,  and  are  spread  among  men  and  animals  by 
affected  dogs. 

Tcenia  nana  is  occasionally  met  with  in  England. 

Trematoda  or  flukes  furnish  two  human  para^ 
sites,  the  Bilharzia  hcematohia  (now  termed  Schisto- 
somum  hcematobiuvi)  and  the  Distomum  hejyaticum. 

Bilharzia  hcematohia  is  believed  to  be  the  cause  of 
a  form  of  intermittent  hsematuria  endemic  in  Egypt, 
South  Africa,  and  elsewhere.  The  parasite  is  about  \ 
inch  long,  and  infests  the  veins  of  the  large  intestine, 
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bladder,  ureter,  and  pelvis  of  the  kidney.  It  causes 
small  patches  of  inflammation  along  these  tracts,  and 
the  urine  frequently  contains  blood  and  the  ova  of 
Bilharzia.  The  ureter  may  be  obstructed.  I)ysenteric 
symptoms  occasionally  occur  owing  to  the  presence  of 
the  parasite  in  the  veins  of  the  intestine.  The  ova,  , 
are  about  inch  long,  and  have  a  sharp  terminal 
spine,  not  quite  in  the  longitudinal  axis.  The 
parasite  probably  gains  access  to  the  human  body 
through  water,  either  by  drinking  or  by  direct 
infection  of  the  urinary  and  alimentary  tract  during 
bathing.  The  larva  becomes  encysted  in  the  body  of 
aquatic  crustaceans.  Other  varieties  of  Schistosomes 
occur. 

The  common  liver-fluke  or  Distomum  hepaticum, 
which  produces  "  liver-rot  "  in  sheep,  is  shaped  like, 
^  diminutive  sole  and  is  about  an  inch  in  length.  It 
may  infect  persons  consuming  afiected  livers,  and 
may  be  found  in  the  tissues,  and  particularly  in  the 
jgortal  system. 

Nematoda. — The  common  round  worm,  or 
Ascaris  lumhricoides,  afl'ects  man  and  other  animals. 
Its  habitat  in  man  is  chiefly  the  small  intestine^ 
It  is  pinkish  in  colour,  and  tapers  to  each  end.  The 
male  is  about  6  inches  long,  the  female  12.  The  ova^ 
enormous  numbers  of  which  are  discharged,  are  oval 
and  nodulated,  and  measure  about  inch  in  least 
diameter.  It  is  believed  that  the  ova  develop  only  in 
an  intermediary  host.  The  threadworm,  Oxyuris 
termieiolaris,  is  much  smaller,  the  female  measuring 
about  half  an  inch  in  length,  and  the  male  about  a 
qu-arter  of  an  inch.  They  occur  in  enormous  numbers, 
ghiefly  in  the  rectum.  The  ova  are  unsymmetrical 
but  oval,  their  short  diameter  being  ytwo  ^P^g 
diameter  -^-^  inch.  The  origin  of  threadworms  is  un-^ 
certain,  but  it  is  probable  that  they  are  occasionally 
'  disseminated  by  means  of  drinking-water. 
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The  adult  ylriykv/fos^owa,  which  is  about  half  an  inch 
long,  inhabits  the  upper  pai-t  of  the  jejunum  in  man, 
A.  duodenale  being  found  in  Europe  and  the  tropics, 
and  A.  americanum  in  the  United  States.*  It 
possesses  no  intermediate  hosi,  and  there  is  no 
sexual  generation  outside  the  host.  The  infec- 
tion of  each  host  (man,  sheep,  etc.)  is  specific  for 
each  parasite.  The  adult  alone  is  infective,  the  eggs 
and  young  larva  being  non-infective.  The  fresh  ova 
are  characterised  by  a  thin,  clear,  colourless  shell  of 
oval  form,  encasing  greyish  contents  divided  by  seg- 
mentation, and  eventually  becoming  a  morula  before 
the  emergence  of  an  active  vermiform  embryo  (in  18 
hours).  From  the  fresh  egg  the  encapsuled  larva 
appears  in  4  or  5  days  or  longer.  The  second  period 
of  growth  within  the  host  from  the  encapsuled  larva 
to  the  adult  occupies  about  5  weeks.  The  encapsuled 
larva  is  capable  of  prolonged  saprophytic  existence 
under  favourable  conditions.  The  eggs  are  killed  in 
about  24  hours  at  40°  0.  or  at  zero,  and  below  13° 
they  will  not  hatch.  Moisture  and  free  oxygen  are 
necessary  for  development  of  ova  after  expulsion  from 
the  body. 

Ankylostoma  obtains  access  to  man's  intestine  by 
the  mouth  and  through  the  unbroken  skin  through 
the  hair  follicles  as  encapsuled  larva  (Loos).  From 
the  skin  it  is  carried  by  the  blood  stream  to  the 
lungs,  up  the  trachea  and  down  the  oesophagus  to  the 
alimentary  tract,  in  which  the  parasite  attaches  itself 
to  the  villi  of  the  jejunum,  abstracting  blood  and 
producing  hemorrhages.  The  typical  result  of  infec- 
tion is  anaemia,  sometimes  associated  with  dyspeptic 
conditions.  Many  persons  harbouring  the  worm, 
however,  suffer  from  no  symptoms  of  disease  at  all. 
Dobson  found  eggs  in  the  excreta  of  75  per  cent,  of 

*  This  nematode  lias  also  been  termed  Sclerostoma  duodenfde,  Dochmiiu 
duodenalis,  and  Strongylus  duodenalis. 
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the  natives  of  Assam  ;  and  Boycott  found  them  in 
100  per  cent,  of  workers  in  certain  Cornish  mines, 
although  not  more  than  10  per  cent,  of  the  men  were 
actually  ill.  The  healthy  worm-carrier  is  probably 
one  of  the  chief  factors  in  dissemination,  and  may 
continue  to  discharge  ova  for  years.  The  disease  has 
long  been  known  under  such  names  as  "Egyptian 
chloi'osis,"  tropical  ansemia,  or  miners'  anaemia,  but 
only  recently  fully  described  by  Haldane  as  "  Dolcoath 
ansemia."  It  is  now  termed  ankylostomiasis,  and  is 
recognised  as  an  endemic  disease  of  warm  climates, 
readily  introduced  into  temperate  climates  by 
dissemination  of  the  worm.  The  effect  of  tempera- 
ture operates,  however,  in  cold  climates.  For  instance, 
Tenholt  has  shown  that  in  Westphalian  mines  where 
the  temperature  is  below  17°  C.  the  cases  of  anky- 
lostomiasis (anaemia)  per  1,000  men  employed  under- 
ground was  only  0"6,  whereas  where  the  temperature 
was  20-22°  C.  it  was  2-5,  when  it  was  22-25°  C.  11-7, 
and  when  above  25°  C.  it  was  39 "9  per  1,000.  Treat- 
ment consists  in  purgation  (calomel),  followed  by 
three  successive  doses  of  30  grains  of  thymol.  In 
Westphalia  ethereal  extract  of  male  fern  is  used. 
Preventive  measures  are  based  upon  personal  pre- 
cautions against  ingestion  or  skin  infection,  and  of 
separation  of  the  diseased  from  healthy  persons. 

Trichina  spiralis  attacks  rodents,  pigs,  and  many 
other  animals  besides  man,  causing  the  disease  known 
as  trichinosis.  It  is  found  in  the  tissues,  and  espe- 
cially in  the  muscles,  in  the  form  of  ovoid  cysts  about 

inch  in  length,  just  visible  to  the  naked  eye. 
Within  each  cyst  is  coiled  an  immature  trichina,  about 

inch  long.  The  encapsuled  trichinae  may  retain 
their  vitality  for  many  years,  or  may  perish  and 
become  calcified.  If  the  tissues  in  which  they  lodge 
are  eaten,  the  capsule  is  dissolved  by  the  gastric  juice, 
and  the  liberated  trichinae  rapidly  develop,  the  male 
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attaining  in  one  or  two  diLys  a  lengtli  of  -^^  inch,  the 
female  \  inch.  Ova  are  formed  and  impregnated,  and 
are  hatched  within  the  uterus  in  about  a  week.  The 
embryos  escape,  burrow  into  the  walls  of  the  intestine 
and  find  their  way  into  the  tissues  of  all  parts  of  the 
body,  where  they  become  encapsuled  and  form  the 
cysts  already  described,  within  a  month  from  the  inges- 
tion of  the  trichinous  food. 

■  Trichinosis  in  man  is  generally  due  to  the  consumpr 
tion  of  the  imperfectly  cooked  flesh  of  a  pig  suffering 
from  the  disease.  In  Germany,  where  ham,  pork,  and 
sausage  are  often  eaten  almost  or  quite  raw,  trichinosis 
is  far  more  common  than  it  is  in  England.  The 
sj'mptoms  commence  within  a  week,  with  nausea, 
■abdominal  pain,  irregularity  of  the  bowels,  prostra- 
tion, rapid  pulse,  and  elevation  of  temperature. 
The  malady  usually  increases  in  severity  for  one 
or  two  weeks,  and  then  gradually  subsides,  but  fatal 
qnteritis,  peritonitis,  or  pneumonia  may  supervene, 
-or  the  patient  may  die  of  exhaustion  at  any  time 
froni  the  end  of  the  first  to  the  end  of  the  sixth 
week.  Characteristic  symptoms  attend  the  invasion 
of  the  tissues  by  the  parasites.  The  muscles  become 
painful,  tender,  swollen,  and  stiff,  so  that  the  limbs  are 
.flexed  and  motionless.  The  voice  is  often  hoarse  or 
aphonic,  from  implication  of  the  larynx.  The  pain  in 
the  limbs  difiers  from  thajt  of  rheumatism  in  not  afiect- 
ing  the  joints,  but  only  the  muscles.  CEdema  occurs 
.early,  first  in  the  eyelids  and  face,  next  in  the  hands 
.and  feet,  and  may  become  general  and  involve  the 
serous  cavities.  The  other  symptoms  include  increas- 
,  ing  prostration  and  copious  perspirations  ;  the  tem- 
perature may  be  little  above  the  normal,  and  if  high 
is  ii-regular  and  subject  to  morning  remissions.  The 
mortality  is  sometimes  very  slight,  sometimes  20  or 
25  per  cent.  1    . . ' 

Various  fortns  of  - iTi^dWa  may  infest  man,  par- 
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ticularly  in  the  tropics,  setting  up  a  variety  of 
pathological  conditions,  such  as  abscess,  lymphan- 
gitis, chyluria,  elephantiasis,  etc.  The  species  is 
rarely  seen  in  the  adult  form,  is  a  hair-like  parasite, 
and  may  attain  a  length  of  three  or  four  inches.  An 
immature  form,  met  with  in  cases  of  chyluria,  is  about 

inch  long.  The  ova  are  about  yo^g  o  i^^^  lo^^o) 
having  no  distinct  Shell  their  shape  is  somewhat 
irregular.  The  parasite  is  found  chiefly  in  the  East 
and  West  Indies,  but  occasionally  in  England,  even 
among  persons  who  have  never  left  the  country.  It 
abounds  in  the  blood  of  affected  persons  during  the 
night  {Filaria  nocturna),  but  disappears  from  the  cir- 
culation by  day ;  by  changing  the  habits  of  the  patient 
this  periodicity  can  be  reversed.  Its  presence  is  com- 
monly associated  with  one  of  two  diseases — ^chyluria 
and  elephantiaisis — due  to  the  obstruction  of  the 
lymphatics,  etc.,  by  the  parasite.  The  former  is 
characterised  by  periodic  attacks,  in  which  the  urine 
becomes  milky  and  upon  standing  coagulates,  but  the 
coagulum  soon  breaks  down  and  decomposition  sets  in 
rapidly.  These  phenomena  have  been  traced  to  ad- 
mixture of  lymph  with  urine,  and  immature  filarice 
are  visible  under  the  microscope.  Elephantiasis  is 
attended  with  enormous  enlargement  of  the  greater  or 
smaller  part  of  the  trunk  or  limbs,  and  especially  the 
legs  and  generative  organs  (F.  arabum). 

FilaHa  medinensis  vel  dracuncukcs,  or  Guinea 
worm,  is  about  ^  inch  in  diameter,  and  usually  one 
to  three  feet  long.  It  is  endemic  in  certain  tropical 
regions.  The  embryos  affect  minute  aquatic  Crustacea 
(Cyclops),  in  which  they  undergo  larval  development. 
Later  they  gain  access  to  the  human  tissues,  but 
whether  by  means  of  drinking-water  or  infection 
through  the  skin  duiing  bathing  is  not  clear.  They 
burrow  in  the  tissues,  especially  of  the  legs,  causing 
large  boils  and  sores.  •' 
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CHAPTER  XII. 

INFECTION. 

Certain  diseases,  the  number  of  which  is  steadily 
increasing  owing  to  improved  methods  of  observation, 
are  termed  specific  or  infective,  and  are  regarded  as 
due  to  the  invasion  of  the  system  from  without  by 
a  definite  "  ferment "  or  poison,  which  grows  and 
multiplies  in  the  body.  In  some  of  them  the  poison 
is  given  off  again,  and  these  diseases  are  therefore 
infectious,  or  transmissible  from  person  to  person. 

Modes  of  infection. — It  cannot  be  said  that 
the  possible  means  by  which  infection  is  given  off 
have  been  exhaustively  determined  in  regard  to  any 
disease,  but  certain  well-established  modes  may  be 
mentioned,  namely  : — 

(1)  By  the  breath,  in  small-pox,  measles,  whooping 
cough,  pneumonia,  mumps,  typhus,  scarlet-fever,  and 
probably  the  great  majority  of  infectious  fevers.  Little 
is  known  of  the  distance  to  which  infection  can  be 
carried  through  the  air ;  long  ranges  seem  to  be  pos- 
sible in  small-pox,  and  may  be  suspected  in  measles  and 
whooping  cough  ;  typhus  and  plague  only  infect  at 
short  distances,  and  this  is  probably  true  of  scarlet- 
fever. 

(2)  By  exhalations,  from  the  skin  in  typhus  and 
possibly  other  diseases,  from  wounds  in  pyaemia, 
erysipelas,  and  other  septic  diseases. 

(3)  By  desquamated  2Jarticles  of  epidermis  in 
scarlet-fever,  and  pustules  in  small-pox.  These  may 
be  carried  by  currents  of  air, 

(4)  By  secretions  and  excretions.  Mucus  from  the 
mouth,  throat,  etc.,  is  infective  in  diphtheria  and 
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scarlet-fever ;  sputa  in  tubercular  phthisis ;  saliva  in 
rabies  in  clogs  if  not  in  man.  Milk  is  liable  to  carry 
infection  (Chapter  IV.).  The  bowel  exci'eta  are  in- 
fective in  enteric  fever  and  cholera.  The  urine 
is  also  a  vehicle  of  infection  in  some  acute  specific 
fevers,  as,  for  instance,  in  enteric  fever.  Syphilis 
and  gonorrhoea  are  transmitted  by  means  of  the 
specific  discharges. 

As  regards  the  recipient  the  mode  of  infection  is 
also  varied.  Many  diseases  are  conveyed  through  the 
air,  and  the  virus  is  doubtless  inhaled,  lodging  either 
on  the  fauces  or  in  the  lungs.  Water  is  known  to  be 
able  to  convey  the  poison  of  enteric  fever  and  cholera, 
and  milk  that  of  scarlet  fever,  enteric  fever,  and 
diphtheria,  the  poison  in  such  cases  being  swallowed. 
It  is  probable  that  the  specific  organisms  multiply  in 
these  media.  Experiments  seem  to  show  that  the  acid 
gastric  juice  kills  microbes  that  are  not  in  the  spore 
stage,  but  since  the  reaction  is  not  acid  in  the  absence 
of  solid  food,  this  safeguard  is  incomplete,  especially 
as  regards  water-borne  virus.  Infective  particles  car- 
ried in  fonvites,  i.e.  in  clothing,  etc.,  or  conveyed  by 
the  hand  to  the  mouth,  may  be  inhaled  or  swallowed. 
Mosquitoes  carry  the  malarial  poison  and  that  of 
yellow  fever,  and  flies  convey  infection,  e.g.  of  anthrax, 
plague,  enteric  fever,  and  cholera,  to  a  raw  surface,  or 
to  milk  or  other  food.  An  attempt  is  sometimes  made 
to  distinguish  as  "  contagious  "  those  diseases  which 
are  not  usually  transmitted  without  direct  personal 
contact;  but  this  condition  is  not  absolute,  and  is 
favourable  to  the  transmission  of  any  infectious  malady. 
Puerperal  fever  may  be  regarded  as  an  example  of  in- 
fection by  contact  or  inoculation.  A  few  diseases,  of 
which  rabies  and  vaccinia  are  typical  examples,  can 
only  be  conveyed  by  inoculation,  that  is,  by  lodgment 
of  the  virus  in  an  abrasion  of  the  skin  ;  this  is  the 
ordinary  mode  of  infection  by  anthrax  and  glanders. 
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although  inhalation  is  also  possible.  Small-pox,  tuber- 
culosis, and  certain  other  diseases  are  also  inoculable. 
Inoculation  may  occasionally  take  place  through  un- 
broken skin.  This  has  been  shown  to  be  possible  as 
regai'ds  virulent  cultures  of  the  glanders  bacillus  if 
rubbed  in.  Ankylostoma  is  believed  to  gain  access 
through  the  hair  follicles  (page  290). 

In  leprosy  the  mode  of  infection  is  still  unknown, 
although  the  microbe  is  now  familiar.  Even  less  has 
been  made  out  in  regard  to  rheumatic  fever,  the 
specific  nature  of  which,  though  probable,  still  remains 
open  to  doubt. 

De  novo  hypothesis.  —  Some  authorities 
believe  that  certain  specific  diseases  occasionally  arise 
de  novo,  independently  of  infection  from  any  previous 
case.  This  has  been  alleged  more  especially  as  regards 
relapsing  fever,  typhus,  enteric  fever,  diphtheria, 
erysipelas,  puerperal  fever,  hospital  gangrene,  and 
septicaemia.  The  closest  examination  often  fails  to 
reveal  any  exposure  to  infection,  and  occasionally, 
under  favourable  conditions,  these  diseases  spring  up 
in  localities  that  have  for  years  been  entirely  free 
from  them.  The  tendency  of  modern  research,  how- 
ever, is  to  find  an  adequate  explanation  in  infection 
conveyed  by  fomites,  by  food,  by  insects,  by  air-borne 
micro-organisms,  by  lower  animals  suffering  from 
the  same  disease,  possibly  with  widely  different 
manifestations,  or  by  aberrant  forms  or  unobserved 
attacks  in  man.  The  supposed  logical  necessity  for  a 
"  previous  case,"  that  is,  of  an  immediately  antecedent 
human  case,  has  lost  some  of  its  significance  since  we 
have  learned  to  recognise  the  actual  living  materies 
morhi,  to  detect  it  in  air,  water,  and  soil,  to  cultivate  it 
in  artificial  media  for  indefinite  periods,  to  transmit  it 
to  lower  animals,  and  to  increase  or  lessen  its  virulence 
at  will.  It  is  noteworthy  that  most  of  the  infective 
diseases  suspected  of  origin  de  novo  are  tilth-diseases, 
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and  due  to  microbes  that  can  be  cultivated  outside 
the  living  body.  Further,  it  has  been  found  that 
tliere  are  non-pathogenic  microbes  of  wide  distribution, 
which  in  every  point  except  virulence  closely  resemble 
the  specific  microbes  of  enteric  fever  and  diphtheria  ; 
•and  non-pathogenic  '  bacilli,  morphologically  similar 
to  anthrax  bacilli,  have  been  found  to  be  protective 
against  anthrax.  Some  authorities  regard  these  harm- 
less microbes  as  being  probably  generically  identical 
with  the  virulent  microbes  that  they  resemble,  and 
'therefore  capable  of  assuming  a  virulent  character  if 
cultivated  under  suitable  conditions,  a  view  that  re- 
introduces the  de  novo  hypothesis  in  a  new  form. 

Endemics,  epidemics,  pandemics. — Many 
of  the  specific  diseases,  and  especially  those  that 
have  relation  to  telluric  conditions,  attach  themselves 
more  or  less  pei-manently  to  cei^tain  localities,  and 
are  termed  endentic ;  thus  cholera  is  endemic  in  the 
delta  of  the  Ganges,  leprosy  in  parts  of  Norway 
small-pox  in  the  So\idan  and  elsewhere,  and  in  a  less 
mai-ked  degree  diphtheria,  enteric,  and  scarlet-fever 
may  'be  said  to  be  endemic  in  certain  districts  in 
England.  From  time  to  time  most  diseases  of  the 
'specific  class  become  widely  prevalent  over  a  larger  or 
smaller  area,  and  are  said  to  be  epidemic.  Thus 
cholera  in  an  epidemic  form  occasionally  spreads  west- 
ward over  Europe,  disappearing  almost  entirely  in 
the  intervals.  Small-pox,  scarlet-fever,  measles,  and 
other  diseases,  which  are  always'  present  in  England, 
assume  an  epidemic  form  every  few  years,  locally 
or  in  widespread  outbreaks.  Occasionally  a  disease 
diffuses  itself  so  generally  over  a  great  part  of  the 
globe  as  to  constitute  it  pandemic. 

The  causes  of  such  outbursts'  are  still  imperfectly 
known.    They  have  been  attributed  vaguely  to  "  epi- 
demic constitution  "  of  the  air,  to  "  pandemic  waves  " 
of  unknown  na-ture,  and,  more  intelligibly,  to  climatic 
K  * 
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and  meteoi'ological  conditions,  accumulation  of  sus- 
ceptible persons,  facilities  for  convection  or  trans- 
mission, and  (as  regards  cholera  and  other  "filth- 
diseases  ")  imperfect  sanitation.  Scarlet-fever,  in  tem- 
perate climates  where  it  has  established  itself  perma- 
nently, tends  to  become  epidemic  at  intervals  of  about 
five  years ;  measles  at  intervals  of  about  two  years. 
Whooping  cough  is  more  irregular  than  either,  but  on 
an  average  becomes  prevalent  every  second  year. 
Diphtheria  shows  no  very  marked  periodicity,  apart 
from  its  dependence  upon  season,  and  enteric  fever 
none. 

It  will  be  seen  presently  that  the  liability  to  each 
kind  of  infection  varies  in  man  according  to  age  and 
sex,  as  well  as  locality,  climate,  season,  and  surround- 
ings. Similar  variation  occurs  among  the  different 
races  of  men,  and  still  more  conspicuously  among  the 
different  genera  and  species  constituting  the  animal 
kingdom. 

The  more  important  specific  diseases  that  are 
common  to  man  and  certain  lower  animals  are  vaccinia, 
tuberculosis,  anthrax,  rabies,  tetanus,  glanders,-  actino- 
mycosis, and  septicaemia.  Influenza  ought  probably 
to  be  added  to  the  list.  There  is  some  reason  to 
believe  that  diphtheria  and  scarlet-fever  affect  the 
cow,  and  the  same  may  be  said  of  enteric  fever. 
Variolous  diseases  attack  sheep  and  other  animals, 
but  are  probably  not  identical  with  small-pox. 

Incubative  period. — A  latent  or  incubative 
period  intervenes  Ijetween  infection  and  the  appeai-ance 
of  the  first  symptoms  of  the  disease..  It  is  fairly 
constant  for  each  disease ;  but  shorter  and  more 
uniform  when  infection  is  due  to  inoculation  or  in- 
gestion, and  in  rabies  is  dependent  further  upon  the 
position  of  the  bite. 

Little  is  accurately  known  of  the  changes  that 
occur  during  incubation,  beyond  the  fact  that  the 
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ipoison  is  multiplying  in  some  part  of  the  system.* 
'The  onset  of  symptoms  is  very  gradual  in  enteric 
rfever  and  a  few  others,  but  sudden  in  the  majority. 
:The  temperature  invariably  rises,  and  the  character- 
iistic  phenomena  of  each  malady  follow  with  more  or 
iless  intensity.  A  rash  makes  its  appearance  upon 
;the  skin  in  certain  of  the  infectious  diseases,  hence 
; termed  exanthemata;  the  date  of  its  appearance  is 
cconstant  for  each  disease  within  narrow  limits,  and 
iits  distribution  and"  other  characteristics  are  also 
nmore  or  less  uniform.  The  chief  exanthemata  affecting 
rman  are  small-pox,  varicella,  scarlet-fever,  measles, 
irotheln,  enteric  fever,  and  typhus.  In  exceptional 
I  cases,  the  rash,  like  any  other  given  symptom,  may 
I  be  wanting.  i 

Course  ol  disease. — As  a  rule,  the  specific 
('diseases  have  a  short  and  definite  course,  ending  in 
t  death,  or  in  recovery  with  or  without  permanent 
c  changes  in  tissues  and  organs.  Some,  however,  like 
s  syphilis  and  leprosy,  run  a  life-long  course,  while 
1  malarial  diseases  tend  to  recur  at  regular  intervals, 
ror  after  years  of  apparently  complete  recovery. 
1  Rabies  and  some  other  diseases  are  almost  in- 
^  variably  rapidly  fatal,  while  rotheln,  mumps,  and 
^  varicella  are  attended  with  such  slight  constitutional 
disturbance  that  deaths  are  very  rare.  The  tendency 
;  to  death  may  be  dependent  upon  constitutional  symp- 
t  toms  such  as  hyperpyrexia,  on  local  lesions  as  in 
e  enteric  fever  and  diphtheria,  on  complications  in  the 
:  course  of  the  disease  (often  really  part  of  the  disease 
I  itself),  or,  lastly,  on  sequelae  affecting  important  organs. 

The  intensity  of  any  given  disease  is  subject  to 

*  Concurrence  of  two  distinct  zymotic  diseases  is  occasionally  observed. 

1  Vaccinia  and  small-pox,  measles  and  whooping  cough,  measles  and  scarlet- 
fever,  measles  and  mumps,  whooping  cough  and  chicken-pox,  are  among 

•  the  least  rare  examples.  According  to  Squire,  diseases  with  similar  incu- 
bation (i.e.  both  long  or  both  short)  may  run  their  course  independently 

■  witliout  interfering  with  each  other,  but  if  two  diseases  with  dissimilar 

.  incubation  are  acquired  at  the  same  time,  one  or  the  other  is  delayed. 
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wide  variations.  Thus  small-pox  may  be  so  virulent 
as  to  kill  the  patient  before  any  rash  appears,  or  so 
mild  that  only  one  or  two  spots,  sometimes  none,  may 
appear.  Scarlet-fever  sometimes  is  malignant  and 
rapidly  fatal,  in  other  cases  so  slight  as  to  escape 
recognition.  As  a  rule,  the  type,  whether  severe  or 
the  reverse,  holds  good  for  the  majority  of  attacks  in 
a  given  outbreak,  or  at  all  events  in  the  same  period 
of  the  outbreak  ;  but  it  is  commonly  more  intense  in 
the  earlier  than  in  the  later  part  of  an  epidemic. 
As  regards  purely  seasonal  variations,  however,  there 
is  reason  to  believe  that  in  scarlet-fever,  and  probably 
in  other  diseases  also,  increased  prevalence  is  asso- 
ciated with  diminished  average  severity,  as  measured 
by  the  proportion  of  deaths  to  attacks.  Age  and 
sex  have  an  important  influence  upon  severity  of 
attack  as  Avell  as  upon  susceptibility,  varying  with 
different  diseases  ;  thus  scarlet-fever,  whooping  cough, 
and  many  others  become  less  and  less  dangerous  to 
life  from  infancy  upwards,  while  in  enteric  fever  the 
reverse  is  the  case.  Both  scarlet-fever  and  small- 
pox are  less  liable  to  terminate  fatally  in  females 
than  in  males,  and  the  same  seems  to  be  true  also  of 
influenza. 

Protective  effect.  —  An  important  general 
characteristic  of  specific  diseases  is  their  tendency 
in  the  event  of  recovery  to  protect  the  patient 
against  a  subsequent  attack  of  the  same  disease. 
This  statement  must  be  taken  in  a  modified  sense 
as  regards  syphilis,  leprosy,  and  the  malarial  dis- 
eases. The  protection  is  perhaps  most  complete  in 
small-pox,  but  in  this,  as  in  all  others  of  the  class, 
second  and  even  third  attacks  are  occasionally  met 
with.  In  enteric  fever,  diphtheria,  and  influenza  the 
protection  is  much  less  marked,  and  in  erysipelas, 
phthisis,  and  septicfemia  it  can  scarcely  be  said  to  exist. 
In  all  cases  it  diminishes  with  the  lapse  of  time,  its 
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duration  being  dependent  upon  the  nature  of  the 
disease,  upon  the  amount  of  lesion  (in  vaccination  at 
.all  events),  and  probably  upon  idiosyncrasy.  Klein 
i  has  shown  that  protection  against  anthrax,  though 
•real,  is  very  brief  in  guinea-pigs,  and  much  more 
lasting  in  cattle.    Fatigue  jjreatlv  increases  the  sus- 
ceptibility  of  rats  to  anthrax.    The  presence  of  sugar 
in  the  tissues  (due  either  to  direct  injection  of  sugar, 
or  administration  of  phloridzin)  lessens  the  resistance 
•  to  glanders  and  to  suppuration,  but  not  to  anthrax 
or  tubercle.    There  are  also  examples  of  the  viru- 
lence  of  a  pathogenic  microbe  being  intensified  by 
t  the  presence  of  an  otherwise  harmless  germ  :  thus 
;  attenuated  cultures  of  the  specific  microbes  of  pneu- 
monia or  erysipelas,  too  feeble  to  give  rise  to  any 
.••symptoms,  can  be  made  to  cause  an  intense  attack 
iif  along  with  them  is  injected  a  culture  (sterilised 
cor  not)  of  a  harmless  saprophyte,  jjroteus  vulgaris. 
It  has  been  thought  that  an  attack  of  enteric  fever 
lessens  or  annuls  the  protective  influence  of  vaccina- 

■  tion.    Little  is  known  as  to  any  protective  power 

>  of  one  specific  disease  against  another,  unless  vaccinia 
i  be  regarded  as  absolutely  distinct  from  small-pox. 
'  Erysipelas  has  been  found  experimentally  to  be  pro- 
t  tective  against  anthrax.  Animals  are  inoculated  with 
t  the  "  attenuated  virus "  of  anthrax,  fowl  cholera, 
a  and  other  diseases,  the  object  being  to  obtain  protection 

by  means  of  a  mild  form  of  the  disease.  Inoculation 
i  for  small-pox,  and  the  Pasteurian  prophylaxis  against 
:  rabies,  are  examples  of  similar  procedure  applied 
I  to  man. 

The  g^ei'in  theory,  broadly  stated,  affirms  that 
^  certain  specific  diseases  are  invariably  associated  with 
:  the  growth  and  multiplication  in  the  system  of  corre- 

>  sponding  specific  microbes,  and  that  these  microbes  are 

■  the  actual  contagia  or  causes  of  the  disease.  The 
evidence  is  partly  direct,  partly  indirect. 
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1.  In  regard  to  a  few  diseases  the  proof  is  complete, 
since — (a)  a  certain  microbe  is  invariably  discovered 
in  the  blood  or  tissues  of  animals  sulfering  from  the 
disease  in  question  ;  (6)  this  microbe  can  be  cultivated 
in  artificial  media,  for  any  required  number  of  succes- 
sive generations ;  (c)  the  same  disease  is  reproduced 
by  inoculation  of  a  susceptible  animal  with  the  last 
cultivation  \  and  {d)  in  every  such  inoculated  animal  the 
specific  microbe  is  found,  Avith  the  same  distribution 
as  in  animals  infected  in  the  ordinary  way.* 

The  third  stage  (c)  being  as  a  rule  inadmissible  as 
regards  man,  the  complete  proof  is  practically  limited 
to  diseases  that  attack  some  lower  animal.  Of  those 
affecting  man  (as  well  as  lower  animals),  anthrax 
and  tuberculosis  have  been  fully  proved  to  be  associ- 
ated with  specific  microbes,  and  similar  complete 
evidence  is  forthcoming  in  respect  of  many  diseases 
attacking  lower  animals  only. 

2.  A  characteristic  microbe  is  constantly  found  in 
the  blood  or  tissues  of  persons  suffering  from  certain 
other  diseases — e.g.  relapsing  fevers,  enteric  fever, 
diphtheria,  leprosy,  pneumonia,  cholera,  etc. — although 
the  proof  of  causative  relation  is  incomplete.  In 
several  diseases,  however,  which  from  analogy  are 
nevertheless  believed  to  be  microbial,  no  specific  or 
characteristic  organism  has  been  isolated  with,  cer- 
tainty. Measles  and  whooping  cough  may  serve  as 
examples. 

3.  There  is  a  close  analogy  between  the  natural 
history  of  infection  and  that  of  organised  living 
ferments  such  as  yeast,  in  respect  of  the  almost  infinite 
multiplication  of  an  almost  infinitesimal  charge 
planted  in  a  suitable  soil  under  suitable  conditions, 

*  To  these  four  postulates,  formulated  by  Koch,  Martin  has  added  a 
fifth,  namely,  that  the  secondary  infective  agent  (toxin)  separable  from 
the  tissues  in  the  natural  disease  should  have  similar  chemical  and 
physiological  action  to  the  products  obtained  from  a  pure  cultivation  of 
the  microbe.  • 
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and  also  in  respect  of  the  effect  of  reagents  in  checking 
or  |)ermanently  arresting  their  increase. 

The  germ  theory  is  now  generally  accepted,  even  in 
respect  of  those  specific  diseases,  such  as  rabies, 
in  which  no  characteristic  microbe  has  yet  been  isolated. 
The  chief  alternative  view  which  has  been  advocated 
is  that  infection  is  due  to  an  iin-or^anised  chemical 
ferment,  comparable  to  diastase,  the  microbes  being 
regarded  as  (at  most)  effects  or  collateral  phenomena, 
without  causative  influence  as  regards  disease. 

What  the  precise  relation  between  the  germs  and 
the  production  of  the  varied  phenomena  of  disease 
may  be  is  less  clear.  Under  certain  conditions  the 
enormous  multiplication  of  the  microbes  may-  lead  to 
obstruction  of  vessels — a  "  mechanical  mycosis  " — but 
the  ordinary  course  of  symptoms  cannot  be  accounted 
for  by  any  physical  properties  of  such  minute  particles, 
They  act  mainly  by  modifying  the  physiological  pro- 
cesses of  the  tissues — e.g.  by  depriving  the  red 
corpuscles  of  oxygen,  or  by  forming  some  chemical  pro 
duct  (or  toxin\  as  a  result  of  their  growth  and  multipli  ' 
cation,  which  in  its  turn  diffuses  and  acts  as  a  poison. 

Five  principal  hypotheses,  in  some  degree  over- 
lapping each  other,  have  been  advanced  to  account 
for  the  protection  conferred  by  an  attack  of  such  a 
disease  ; — 

1.  The  exhaiistion  or  pabulum  theory  is  that  the 
microbes  during  the  first  attack  remove  some 
chemical  substance  necessary  for  their  growth,  the 
loss  of  this  substance  rendering  further  attack  impos- 
sible. This  view  involves  the  improbable  as.sumption 
that  the  human  body  contains  a  special  and  separate 
pabulum  suited  to  each  specific  disease  to  which  it  is 
liable,  since  one  disease  is  only  protective  against  itself. 

2.  The  antidote  or  retention  theory  assumes  that  the 
first  attack  leaves  in  the  system  some  direct  or  indi- 
rect product  of  the  growth  of  the  microbes  which 
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inhibits  any  further  multiplication.  There  is  experi- 
mental evidence  in  support  of  this  view,  as  will  be 
seen  presently,  and  sterilised  or  filtered  cultivations 
of  certain  pathogenic  microbes  have  been  found  (if 
injected  into  the  system)  to  have  a  protective  action, 
which,  curiously  enough,  does  not  necessarily  include 
any  power  of  checking  the  growth  of  the  specific 
microbes  ovitside  the  living  body,  in  artificial 
media.  The  effect  therefore  is  not  due  to  direct  action 
on  the  microbes,  but  to  increase  of  resistance. 

3.  According  to  the  acclimatisation  theory,  the  cells 
and  tissues  ai-e  in  some  way  modified  during  an  attack 
so  as  to  be  able  to  resist  future  invasions  of  the  same 
microbe.  The  tissues,  in  short,  have  acquired  a  toler- 
ance of  the  poison  of  a  certain  disease,  and  subse- 
quently that  infection  does  not  produce  the  former 
symptoms  of  disease. 

.4.  The  'phagocyte  theory^  somewhat  allied  to  the 
theory  of  acclimatisation,  is  based  on  Metchnikoff's 
observation  that  when  virulent  anthrax  bacilli .  are, 
inoculated  into  an  insusceptible  animal  (such  as  a. 
frog),  the  white  (amoeboid)  blood  corpuscles  absorb 
the  bacilli  bodily,  and  presumably  destroy  them.  The 
same  happens  when  attenuated  virus  is  inoculated, 
even  into  susceptible  animals ;  the  bacilli,  may  be 
seen  partially  or  wholly  embedded  in  the  amoeboid 
corpuscles.  When  a  susceptible  animal  is  inoculated 
with  virulent  anthrax,,  however,  few  if  any  bacilli  can 
be. seen  inside  the  corpuscles.  ;.The  inference  to  be 
dra\yn  from  Metchnikoff's  observations  is  that  the 
amoeboid  corpuscles  act  as  "  phagocytes,"  or  destroyers 
of  pathogenic  microbes  and  that  "protection"  is 
largely,  if  not  entirely,  dependent  upon  this  action. 
The  same  hypotheses  may.  serve  to  account  for  the 
termination  of  an  attack.  It  may  be  assumed  that  all 
the  pathogenic  microbes  perish  01;^  are  eliminated  at 
the  end  of  an  attack  of  most  of  the  infectious  diseases. 
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but  pass  into  a  quiescent  stage  in  the  intervals  of 
malarial  and  relapsing  fever.  In  tuberculosis,  leprosy,, 
and  syphilis,  their  development  may  be  progressive. 

In  1903  Wright  and  Douglas  found  that  no  phagocytosis 
occurred  if  the  leucocytes  were  separated  from  the  blood  plasma. 
They  concluded,  therefore,  that  the  leucocyte  by  itself  was 
impotent,  and  that  the  phagocytosis  was  dependent  upon  sou)e 
substance  in  the  blood  plasma.  Subsequently  they  showed  that 
this  substance  did  not  act  directly  upon  the  leucocytes,  but  by 
combining  with  the  micro-organisms  prepared  them,  so  to  speak, 
for  destruction  by  the  leucocytes,  hence  this  substance  in  the 
plasma  is  termed  opsonin  (opsono,  I  cater  for).  It  follows  that 
the  amount  of  phagocytosis  is  an  index  of  the  quantity  of 
opsonin,  and  does  not  directly  represent  the  vital  activity  of 
the  leucocyte.  Opsonins  are  distinct  i'roni  agglutinins  and 
antitoxins,  and  possess  apparently  a  high  degree  of  specifif;ity. 
In  normal  serum  they  are  almost  completely  destroyed  by 
heating  for  ten  minutes  at  60°  C.  The  opsonic  content  of 
any  blood  is  arrived  at  by  comparing  the  amount  of  phago- 
cytosis observed  as  a  result  of  the  activity  of  its  serum  with 
the  amount  of  phagocytosis  observed  in  the  case  of  a  normal 
serum  used  as  a  control.  The  figure  so  obtained  is  termed 
the  "  opsonic  index"  of  the  patient's  blood;  e.ff.  an  opsonic 
index  of  0"5  means  that  the  blood  contains  one  half  the  normal 
quantity  of  that  specific  opsonin. 

5.  Ehrlicli's  side  chain  theory. — Ehrlich  looks 
upon  a  molecule  of  normal  protoplasm  as  composed 
of  a  central  atom  cell  with  a  large  number  of  "  side- 
cl;iains  "  of  atom  groups.  The  central  cell  is  the  mother 
cell,. the  side  chains  are  receptors,  that  is,  cells  having 
combining  afl&nity  with  food-stuffs  by  which  nutriment 
is  brought  to  the  mother  cell.  These  receptors  are 
of  two  kinds,  those  having  power  of  combining  with 
molecules  of  simple  constitution,  and  those  having 
power  of  breaking  up  compound  bodies  by  ferment 
action  for  purposes  of  assimilation.  Toxins  are 
prpvisionally  regarded  by  Ehi-lich  as  possessing  two 
kinds  of  elements,  hwptophorous  (■i.e.  the  atomic  group 
responsible  for'  union  with  side  chains'  of  cellfe) 
and    toxophorous   (i.e.    the    toxic    atomic  group). 
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When  introduced  or  occurring  in  the  system  tOxins 
are  fixed  to  the  receptors  by  the  former,  while 
the  latter  remain  free,  and  if  in  sufficient  number 
or  quantity  produce  toxic  changes.  If  the  dose 
of  toxin  is  small  the  mother  cell  throws  off  the 
receptor  plus  the  toxin  (R  +  T),  which  thus  becomes 
free  in  the  blood.  The  central  atom  group  then 
produces  new  receptors,  which  in  their  turn  are'  set 
free.  Ultimately  the  toxin  being  exhausted  there  is 
over-regeneration  of  i-eceptors  and  the  excess  of  un- 
fixed receptors  become  free  in  the  blood,  constituting 
antitoxin  molecules.  Thus,  when  forming  part  of  the 
mother  cell  the  receptors  anchor  the  toxin,  which 
sets  up  toxic  effects,  but  when  the  receptors  are  free 
in  the  blood  (R  +  T)  we  have  an  inert  compound 
without  toxic  effect.  This  ingenious  theory  assumes 
that  antitoxins  are  normally  present  in  the  body  in 
varying  degrees,  but  when  stimulated  by  introduction 
of  toxin  become  increased. 

Bacteria  and  disease. — The  terms  microbe, 
micro-organism,  bacterium,  germ,  are  applied  almost 
indifferently  to  an  increasing  number  of  microscopic 
organisms  which  are  destitute  of  chlorophyll  and 
consist  of  protoplasm  enclosed  in  a  cellulose  mem- 
brane. They  multiply  by  fission,  and  are  there- 
fore termed  Schizomycetes,  or  fission  fungi.  The 
common  basis  of  primary  classification  is  foixnded 
upon  morphology  as — 

Micrococci. — Minute  spherical  microbes,  without  cilia.  They 
multiply  by  elongating  and  then  dividing  transversely,  form- 
ing diplococci  {i.e.  pairs),  streptococci  (chains),  staphylococci 
(clusters),  sarcince  (square  groups  of  four  cocci,  or  multiples  of 
these),  or  zoogloca  (irregular  masses  embedded  in  a  gelatinous 
matrix). 

Bacilli. — Rod-shaped,  with  rounded  or  square-cut  ends; 
longer  than  they  are  broad.  Some  have  flagella,  others  have 
nob  and  are  immotile.  _  They  elongate,  and  may  form  rods  of 
any  length,  or  divide  transversely  into  separate  short  rods  or 
chains  of  rods  or  zooglcea.     Some  bacilli  form  spores  under 
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certain  conditions,  among  which  may  be  mentioned  moisture, 
suitable  temperature,  and  presence  of  oxygen.  The  spores  are 
round  or  oval  glistening  bodies,  which  appear  in  the  substance 
of  the  bacillus,  and  grow  at  the  expense  of  the  protoplasm 
until  the  sheath  bursts  and  liberates  them.  They  are  extremely 
resistant  to  heat  and  cold,  but  in  certain  artificial  media  spores 
readily  germinate,  a  projection  appearing  at  one  point  and 
growing  into  a  bacillus. 

Spirilla,   Spirochccta,   and   Vibriones. — Long,  wavy,  and 
motile  (ciliated)  filaments.     Some  of  these  are  non-septate, 
'  others  are  sub-di^dded  and  may  break  into  bacillary  elements, 
as,  for  example,  Koch's  spirillum  of  cholera,  which  is  known  in 
a  bacillary  form  as  the  comma  bacillus  of  cholera. 

The  higher  bacteria  include  more  highly  organised 
members  of  the  Schizomycetes  which  branch  and  reproduce 
themselves  by  terminal  fructification  in  conidia.  To  this 
group  belong  leptothrix,  cladothrix,  and  streptothrix.  The 
last  named  seems  likely  to  become  the  most  important  member 
of  the  group  from  a  pathogenic  point  of  view.  The  exact 
biology  of  these  higher  bacteria  has  not  been  finally  worked 
out,  and  it  is  possible  that  further  research  may  show  that 
sometimes  they  are  but  forms  in  a  life-history  of  an  organism 
appearing  at  some  stage  in  bacillary  form. 

Micrococci  are  of  constant  occurrence,  and  patho- 
genic in  septic  processes,  acute  suppuration,  acute 
infective  osteo-myelitis,  and  erysipelas.  There  is 
strong  but  not  absolutely  complete  evidence  to  the 
same  effect  in  respect  of  pneumonia,  gonorrhoea, 
ulcerative  endocarditis,  scarlet  fever,  and  puerperal 
fever ;  micrococci  are  generally  present  in  active  lymph 
of  vaccine  and  small-pox,  and  the  virulence  is  largely 
or  wholly  lost  when  they  are  removed  by  filtration; 
but  beyond  this  the  proof  of  their  being  the  actual 
materies  morhi  is  incomplete.  Ammoniacal  fermenta- 
tion of  urine  is  determined  by  M.  urece,  which  converts 
urea  into  ammonium  carbonate.  Certain  diseases  of 
animals  are  believed  to  be  due  to  specific  micrococci. 
Micrococci  are  also  concerned  in  decomposition. 

Bacilli  are  known  to  be  pathogenic  in  anthrax, 
tuberculosis,  tetanus,  glanders,  and  leprosy,  and  are 
believed   to    be    so   in   enteric   fever,  diphtheria, 
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septicaemia,  influenza,  syphilis,  and  various  forms  of 
food  intoxication.  Many  diseases  affecting  lower 
animals  are  due  to  specific  bacilli,  and  among  theni 
malignant  oedema,  swine   fever,   and  Rauschhrand 


fermentation  of  cheese  and  butter,  and  the  souring  of 
milk  and  cream,  are  likewise  due  to  certain  bacilli. 
Each  fermentation  and  most  forms  of  decomposition 
possess  a  specific  ferment  of  this  nature. 

Spirillum  ohermeyeri  is  found  in  the  blood  dui'ing 
acute  relapsing  fever;  the  spirillum  of  cholera,  or 
Vibrio  cholerce  asiaticce,  is  regarded  as  the  cause 
of  cholera ;  Spirochceia  2)<^^^ida  is  associated  with 
syphilis  ;  and  other  forms  occur  in  certain  tropical 
diseases  (yaws,  etc.). 

It  should  be  mentioned  that  other  micro-organisms, 
not  classed  with  bacteria,  have  relation  to  disease  and 
fermentative  processes.  Thus,  thrush  is  due  to  Oidium 
albicans,  a  mycelial  form  of  a  torula  {Saccharomyces 
mycoderma).  Mycelial  growths,  with  spores  or  conidia, 
are  associated  with  ringworm  {Tricophyton  tonsurans), 
favus  (A  chorion  schonleinii)  and  pityriasis  versicolor 
(Microsporon  furftir). 

Actinomycosis  is  characterised  by  the  presence  of 
a  mycelial  growth,  with  masses  of  club-shaped  cor- 
puscles radiating  from  the  centre — the  streptothrix 
actinomyces  (or  ray  fungus).  Somewhat  similar 
organisms  are  the  streptothrix  madurce  (occurring  in 
Madura  foot),  and  the  pathogenic  streptothrices  re- 
cently described.  These  all  belong,  provisionally,  to 
the  higher  bacteria.  Minute  amoeboid  bodies  termed 
Plasmodia  (licematozoa)  are  pathogenic  in  malaria,  and 
parasitic  amoebae,  twelve  times  the  size  of  white  blood 
corpuscles,  have  been  found  in  the  intestines  and  faeces 
in  cases  of  dysentery,  and  in  pus  from  tropical  abscesses 
of  the  liver  associated  with  dysentery^ 

Organisms  destitute  of  chlorojihyll,  having  their 
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or    "black  leg").  The 
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habitat  in  living  hosts,  animal  or  vegetable,  are  termed 
parasites,  while  those  living  upon  dead  organic 
material  are  known  as  saprophytes.  Many  microbes 
are  capable  of  fulfilling  both  parts,  though  not  neces- 
sarily with  equal  facility.  Parasites  that  have  not 
been  found  to  ffrow  under  anv  known  conditions  as 
saprophytes  are  distinguished  as  "  obligate,"  others 
as  "  facultative."  Bacillus  anthracis  is  an  example  of 
a  facultative  parasite,  and  the  unknown  microbes  of 
rabies  and  many  other  infective  or  inoculable  dis- 
eases may  be  provisionally  classed  as  obligate.  Culti- 
vation in  artificial  media,  that  is,  a  form  of  sapro- 
phytism,  is  essential  for  the  complete  proof  of  the 
pathogenic  nature,  of  a  given  microbe.  Bacteria  may 
therefore  be  classified  as  parasitic  or  other,  or  patho- 
genic or  other. 

Other  classifications  may  depend  upon  the  charac- 
teristic growth  of  bacteria  in  artificial  media  in  pure 
culture,  and  their  effect  upon  such  media,  and  whether 
they  grow  under  aerobic  or  anaerobic  conditions. 

The  action  of  microbes  is  essentiallv  one  of  oxida- 
tion.  As  a  rule  carbonic  acid  gas  is  given  off,  but  many 
known  and  unknown  bodies  are  formed  coincidently, 
which  vary  greatly  with  the  pabulum  as  well  as  with 
the  microbe.  Among  these  are  the  poisonous  alkaloids 
(toxins),  which,  so  far  as  certain  pathogenic  microbes 
are  concerned,  are  usually  to  be  regarded  as  the 
immediate  agents  in  the  production  of  disease- 
symptoms.  They  are  soluble,  and  even  when  freed 
from  their  respective  microbes  have  in  certain  cases 
been  found  to  be  capable  of  producing  a  slight  and  tran- 
sient appearance  of  characteristic  symptoms.  They 
may  also  be  protective  against  disease,  and  it  has  been 
shown,  for  example,  that  the  injection  of  filtered  fluid 
in  which  anthrax  bacilli  have  been  cultivated  protects 
against  subsequent  or  even  coincident  inociilation  with 
virulent  anthrax.    Hankin  isolated  from  cultures  of 
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the  anthrax  bacillus  an  alhumose,  the  injection  of  which 
into  mice  renders  them  insusceptible  to  anthrax. 
Brieger  and  Frankel  have  isolated  pathogenic  albu- 
moses  from  cultures  of  the  specific  microbes  of  diph- 
theria, enteric  fever,  cholera,  and  tetanus.  Roux  and 
Yersin  believe  the  soluble  poison  to  be  a  ferment,  and 
Martin  has  shown  that  in  anthrax  and  diphtheria  the 
microbe  produces  such  a  ferment  or  enzyme,  which 
reacts  on  the  tissues  to  form  albumoses,  and  that  these 
break  up  into  simpler  bodies,  which  possess  the 
specific  toxic  virulence  and  protective  power. 

Cultivation. — Microbes  derive  oxygen  either  jErom  the 
air  or  from  compounds  containing  oxygen ;  in  the  former  case 
they  are  termed  aerobic,  in  the  latter  anaerobic.  Yeast 
(Saccharomyces  cei-evisia)  is  anaerobic,  and  acquires  oxygen  at 
the  expense  of  the  sugar,  which  is  reduced  to  alcohol ;  the 
"vinegar  plant,"  Mycoderma  aceti,  ia  aerobic,  and  oxidises 
alcohol  into  acetic  acid.  Aerobic  microbes  grow  best  at  the 
surface  of  a  liquid,  anaerobic  organisms  deeper  down  away 
from  contact  with  air  or  aerated  layers  of  fluid.  The  dis- 
tinction is  not  absolute,  and  many  microbes  are  able  to  exist 
under  either  condition  [facultative  anaerobes). 

Besides  oxygen,  microbes  require  nitrogen,  which  some  are 
able  to  take  from  salts,  such  as  ammonium  tartrate,  while  others 
can  only  assimilate  it  from  albumen  or  gelatin.  Carbon  is 
necessary,  and  also  inorganic  salts,  including  sodium,  potas- 
sium, and  phosphori-c  acid.  Cultivation  media  should  be 
neutral  or  faintly  alkaline. 

Both  liquid  and  solid  media  are  used.  Among  fluid  media 
are  broths  made  from  various  kinds  of  meat,  peptones  and 
meat  extracts,  Pasteur's  solution  (water  containing  cane 
sugar,  ammonium  tartrate,  and  yeast- ash),  Cohn's  solution 
(water  with  ammonium  tartrate,  potassium  phosphate,  tricalcic 
phosphate,  and  magnesium  sulphate),  and  bile  salt  and  sugar 
solutions.  Some  of  the  more  common  solid  media  are  boiled 
potato,  solid  egg-albumen,  blood  serum,  agar-agar,  nutrient 
gelatin  (gelatin  with  admixture  of  meat  extract),  etc.  The 
medium  must  be  adapted  to  the  organism. 

After  thorough  sterilisation  by  heat,  media  are  kept  in 
sterilised  test-tubes,  guarded,  by  means  of  sterilised  plugs  of 
cotton  wool,  against  infection  by  air-borne  germs.  Each  tube 
may  then  be  "  inoculated"  by  means  of  a  previously  sterilised 
platinum  wire  charged  with  the  microbes  to  be  cultivated  ;  the 
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wool  plug  is  removed  momentarily  for  this  purpose,  and  then 
replaced.  Potato  cultures  are  made  by  inoculating  the  freshly 
cut  surface  of  a  boiled  potato  cut  in  strips  and  placed  in 
sterilised  test  tubes.  For  plate-cultivation,  a  small  portion  of 
the  liquid  under  examination  is  diffused  through  melted 
nutrient  gelatin  or  other  suitable  medium,  and  then  poured 
into  a  Petri  plute  (which  is  a  flat,  shallow  glass  dish),  and 
allowed  to  solidify  by  cooling ;  protection  from  aerial  germs  is 
afforded  by  a  glass  cover.  The  temperature  must  be  kept 
constantly  at  the  point  which  experience  has  shown  to  be 
most  favourable  for  the  microbe  in  question.  For  this  purpose 
an  "  incubator  "  is  used,  in  which  the  temperature  is  regulated 
automatically.  (Room  temperature,  or  cool,  incubators  are 
regulated  at  18  to  Tl°  C,  and  blood  heat  incubators  at  37  to  38°  C. 
The  temperature  is  regulated  by  thermo-regulators.) 

Liquid  media  which  solidify  offer  great  advantages.  If 
more  than  one  variety  of  microbe  is  present,  the  resulting 
colonies  tend  to  remain  distinct,  and  it  is  comparatively  easy 
to  establish  a  pure  cultivation  of  each  by  inoculating  afresh 
from  it.  Plate-cultivations  are  especially  useful  in  this  way^ 
since  by  regulating  the  proportions  the  distribution  of  the 
colonies  may  be  made  as  sparse  as  is  necessary.  Accidental 
contamination  by  aerial  organisms  is  readily  prevented. 
Another  important  advantage  is  that  pure  cultivations  upon 
solid  media  frequently  exhibit  naked-eye  peculiarities  of  out- 
line and  characters  of  growth  that  are  important  as  means 
of  identification.  Another  method  of  obtaining  a  pure 
cultivation  is  adopted  by  cultivating  under  conditions  inhibi- 
•  tory  to  some  microbes,  but  not  to  certain  others  :  this  is  effected 
•by  adiiing  phenol  {Farietti),  tauro-cholate  of  soda  {McConkey), 
crystal  violet  {Drigalski  and  Conradi),  etc.,  or  by  maintaining 
the  temperature  at  45'^  C. 

Among  the  points  that  serve  for  the  differentia- 
tion of  the  large  number  of  varieties  of  bacteria  are 
the  following  : — Microscopic  appearances,  as  to  form, 
size,  structure,  movement ;  effect  of  certain  staining 
and  decolorising  agents ;  media  in  which  growth 
occurs,  and  temperature  required ;  rate  of  growth ; 
-macroscopic  (and  if  necessary  microscopic)  appearance 
of  cultivation  in  solid  media,  including  form,  colour, 
xJistribution  (superficial  or  deep),  liquefaction  of  gela- 
tin, production  of  gas,  etc.  ;  results  of  inoculation 
upon  animals. 


312        Hygiene  and  Public  Health,  ichap.  xii. 


Attcniisifioii  of  virus  has  been  effected  in 
several  ways. 

1.  Sithculturing  from  old  cultures. — Pasteur  found 
that  an  organism  retains  its  virulence  unimpaired  if 
kept  in  sealed  tubes  for  a  short  time  only,  or  if 
cultivated  with  a  minimum  interval  between  the 
successive  cultures.  If,  however,  the  cultivation  is 
allowed  to  remain  for  weeks  or  months  without  sub- 
culturing,  the  virus  is  attenuated,  and  when  inocu- 
lated causes  a  mild  but  protective  form  of  the 
disease. 

2.  Cultivation  at  high  temperatures. — Pasteur  pre- 
pared a  "vaccine"  {i.e.  an  attenuated  virus)  of 
anthrax  by  cultivating  the  bacilli  for  three  weeks 
in  air  at  42°  to  43°  C.  There  is  no  visible  change  in 
the  mode  of  growth  during  this  .  period  except  that 
spores  are  rarely  if  ever  formed,  but  spore  formation 
is  immediately  resumed  if  the  bacilli  are  transferred 
to  a  fresh  culture  at  ordinary  temperatures.  The  virus 
becomes  more  and  more  attenuated  if  the  temperature 
is  maintained,  and  in  about  a  month  the  bacilli  all 
perish.  The  attenuation  is  brought  about  more  rapidly 
at  higher  temperatures ;  a  few  days  suffice  at  45°  C,  a 
few  houi-s  at  47°  C,  a  few  minutes  at  50'^  to  53°  C. 
The  original  virulence  is  regained  speedily  iipon 
transferring  the  attenuated  bacilli  to  fresh  media 
at  ordinary  temperatures,  if  the  attenuation  has  been 
rapid.  If,  however,  it  has  been  slow,  it  is  difficult  to 
restore  the  virulence. 

3.  Cultivation  in  presence  of  inhibitory  reagents. — 
Klein  cultivated  anthrax  bacilli  in  gelatin  containing 
0'0025  per  cent,  of  mercuric  chloride,  and  obtained  an 
attenuated  virus  which  for  a  time  protected  guinea- 
pigs.  Cultivations  from  the  attenuated  virus  were 
virulent.  Other  reagents,  including  potassium  bichro- 
mate, phenol,  and  terchloride  of  iodine,  have  been 
employed  in  like  manner ;  or  the  organism  may  be 


Chap.  XII.] 


Toxins. 


3T3 


grown  on  a  medium  which  is  either  slightly  too 
acid  or  too  alkaline. 

4.  Transmission  through  insusceptible  animals. — 
Anthrax  bacilli  from  sheep  or  cattle  cause  fatal 
anthrax  if  again  inoculated  upon  susceptible  sheep  or 
cattle,  or  upon  white  mice ;  but  bacilli  taken  from 
white  mice  produce  only  a  transient  illness  in  sheep, 
which,  however,  is  protective.  Assuming  Jenner's 
view  to  be  correct,  vaccinia  is  an  example  of  attenua- 
tion of  virus,  that  of  small-pox  being  so  modified  by 
transmission  through  the  (insusceptible)  cow  as  t6 
produce  a  mild  but  protective  form  of  the  disease. 

It  must  not  be  forgotten  that  the  opposite  of  at-- 
tenuation  may  also  be  obtained.  Exaltation  of  virus 
results  from  early  sub-culture  on  favourable  media 
■or  the  passage  of  the  virus  through  susceptible 
animals. 

These  changes  brought  about  in  the  laboratory  by 
artificial  means  find  a  close  parallel  in  the  varying 
virulence  of  epidemic  diseases.  Sometimes  the  type, 
whether  of  small-pox,  scarlet  fever,  diphtheria,  or 
measles,  will  be  malignant  and  fatal,  and  at  other 
times  the  same  disease  will  be  so  mild  as  to  cause 
scarcely  any  deaths. 

Toxins  and  their  effect. — When  a  pathogenic 
organism  grows  in  the  body,  it  produces  as  a  result  of 
its  metabolism  certain  poisonous  substances  termed 
toxins.  These  may  occur  as  a  direct  result  of  the  life 
of  the  bacillus,  or  as  a  result  of  a  ferment  produced  by 
the  bacillus.  Toxins  are  of  various  kinds,  and  by  their 
efiect  upon  the  blood  and  body  tissues  they  cause  the 
symptoms  of  disease.  Fever  is  produced  by  the  action 
of  albumoses  (bodies  allied  to  the  albumins)  upon  the 
heat-regulating  centres  in  the  brain.  Albumoses  also 
cause  a  number  of  other  symptoms  and  poisonous 
effects.  Toxins  act,  broadly  speaking,  in  two  ways. 
They  have  a  local  effect  (as  in  the  formation  of  an 
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abscess  owing  to  necrosis  of  proliferating  cells),  and  a 
general  effect.  The  latter  is  caused  when  toxins  are 
absorbed  and  distributed  generally  throughout  the 
body.  When  this  occurs  they  produce  degenerative 
changes  in  muscles,  in  organs,  and  in  the  blood  itself. 
Of  such  a  change  diphtheria  is  an  example.  The 
bacillus  occurs  in  a  false  membrane  in  the  throat,  and 
occasionally  other  parts.  It  first  causes  the  inflam- 
matory condition  giving  rise  to  the  membrane,  and 
then  it  breaks  it  down.  In  the  body  of  the  membrane 
the  bacillus  appears  to  secrete  a  ferment  which  by  its 
action  and  interaction  with  the  body  cells  and  proteids, 
chiefly  those  of  the  spleen,  produces  albumoses  and  an 
organic  acid  (^Martin),  which  are  the  toxins.  They  are 
absorbed,  and  as  a  result  we  get  the  frequent  pulse 
and  high  temperature  of  fever  :  the  toxins  irritate  the 
mucous  membrane  of  the  intestine,  and  cause  various 
fermentative  changes  in  the  contents  of  the  bowel, 
and  thus  we  get  symptoms  of  diarrhoea  :  they  pene- 
trate the  liver,  spleen,  and  kidney,  setting  up  fatty 
degeneration  and  its  results  in  these  organs  :  they 
finally  affect  many  of  the  motor  and  sensory  nerves, 
breaking  up  their  axis-cylinders,  and  producing  the 
characteristic  paralysis. 

Toxins  have  been  divided  by  Martin  into  extra- 
cellular (ferments,  albumoses  and  alkaloids)  and 
intra-cellular,  or  poisons  present  in  the  body  of  the 
bacillus  and  not  "  available  "  if  the  bodies  of  the  bacilli 
be  filtered  out. 

The  virus  of  anthrax  produces  albumoses  and  an 
alkaloidal  substance  (^Martin),  the  former  producing 
fever,  the  latter  oedema,  congestion,  and  local  irritation. 
Hankin  holds  that  the  bacillus  first  produces  a  ferment 
and  then  elaborates  albumoses.  In  tetanus  the  bacillus 
produces  a  secretion  of  non-proteid  toxin  which  causes 
convulsions.  The  albumoses  present  in  this  disease 
al-e  probaby  due  to  the  secretory  toxin.    Ehrlich  has 
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isolated  a  spasm-producing  toxin  {tetanospasmin),  and 
a  crude  poison  capable  of  destroying  red  blood  cells 
(tetanolysin).  The  nature  of  the  tetanus  toxin  is 
not  determined,  but  it  is  known  that  it  is  a  most 
powerful  poison,  probably  less  than  grain  being 
poisonous  to  man.  In  diphtheria,  too,  we  have  a 
secretory  poison  in  the  membrane  and  in  the  tissues, 
and  ail  albumose  which  is  possibly  the  result  of  the 
secretion.  In  typhoid  fever  intra-cellular  bacillary 
poisons  exist,  and  a  toxalbumin  has  been  obtained 
which  has  pathogenic  effects  of  an  indefinite  character. 
The  toxins  of  the  typhoid  bacillus  appear  to  have  little 
digestive  effect. 

The  action  of  bacteria  as  disease  producers  depends 
then  (1 )  upon  the  effects  of  the  presence  of  the  bacteria 
themselves,  (2)  upon  their  power  of  forming,  directly 
or  indirectly,  certain  chemical  organic  products  known 
as  toxins,  and  (3)  upon  the  individual  attacked.  The 
effects  of  bacteria,  though  very  diverse,  may  be  classi- 
fied generally  as  oi  ix,  necrotic  or  a  separative  character, 
leading  to  increased  functional  activity  at  first  (such 
as  phagocytosis),  and  subsequently  to  increased  forma- 
tive activity  (such  as  cell  growth  and  subdivision). 
In  most  diseases  the  lesion  has  a  special  site  (as  in 
typhoid  fever)  and  the  body  generally  is  only  affected 
indirectly.  This  localisation  may  be  due  to  specific 
action,  or  to  point  of  entrance  of  the  bacillus  (as  in 
malignant  pustule).  Secondarily  to  tissue  changes, 
the  body  metabolism  is  affected  owing  to  the  absorp- 
tion and  distribution  of  toxins,  and  it  is  to  this  cause, 
as  a  rule,  that  the  chief  symptoms  of  disease  are  due. 
Finally  much  depends  upon  the  soil  upon  which  the 
bacteria  and  their  toxins  are  implanted.  The  indi- 
vidual is  an  extremely  important  factor  in  the  pro- 
duction and  character  of  disease. 

Antitoxins  are  believed  by  some  authorities  to  . 
be  a  kind  of  ultra-toxin,  substances  of  which  an  early 
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form  was  a  toxin  ;  others  hold  that,  as  the  toxins  are 
products  of  tlie  bacteria  invading  the  tissues,  the  anti- 
toxins are  of  the  nature  of  ferments  produced  by  the 
resisting  tissues.  A  third  view  is  that  possiVjly  anti- 
toxins may  be  the  result  of  an  increased  formation  of 
molecules  normally  present  in  the  tissues.  Thus 
antitoxins  came  td  be  looked  upon  as  protective  sub- 
stances produced  in  the  body  cells  as  a  result  of  toxic 
action,  and  held  in  soliition  in  the  blood,  and  there 
and  elsewhere  exerting  their  neutralising  influence  by 
combining  with  the  toxins.  These  antitoxic  bodies 
gradually  increase  in  the  blood  and  tissues,  and  their 
actions  fall  into  two  groups,  (a)  antitoxic,  which 
counteract  the  effects  of  the  poison  itself;  and  (6) 
antimicrohic,  which  counteract  the  effects  of  the 
bacillus  itself.  "  In  one  and  the  same  animal  the 
blood  may  contain  a  substance  or  substances  which 
are  both  antitoxic  and  antimicrohic,  such,  for 
example,  as  occurs  in  the  process  of  the  formation 
of  the  diphtheria  and  tetanus  antitoxic  serums " 
(^Martin).  Antitoxin  must,  therefore,  be  looked  upon 
as  a  normal  constituent  of  the  living  cells  which  is 
produced  in  increased  quantity.  Of  the  chemical 
nature  of  toxins  and  antitoxins  very  little  is  known. 
Toxins  are  probably  of  the  nature  of  albumoses,  and 
antitoxins  probably  have  a  molecule  of  greater  size, 
and  may  be  allied  to  the  globulins.  Antitoxin  has 
been  shown  to  appear  in  the  various  secretions  of  the 
body  as  well  as  in  the  blood,  though  in  a  less  con- 
centrated state.  The  relation  of  the  antitoxin  to  the 
toxin,  and  its  mode  of  antagonism,  is  probably 
analogous  to  chemical  union. 

Immunity  depends  upon  some  pr-operty  in  the 
living  blood  serum  which  opposes  or  annuls,  partly 
or  wholly,  the  products  and  action  of  the  infecting 
organism.  Buchner  designated  these  protective 
bodies,  held  in  solution  in  the  blood,  alexines,  and 
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regarded  them  as  belonging  to  the  albuminous  bodies 
of  the  lymph  and  plasma,    Alexines  ai-e  naturally 
produced  antitoxins  ;  ordinary  antitoxins  are  acquired 
alexines,  corresponding  to  "natural"  and  "acquired" 
immunity.     The  term  natural  immunity  is  used  to 
■  i  denote  natural  resistance  to  some  particular  specific 
disease.    It  may  be  due  to  species  of  animal,  or  age, 
!   or  individual  idiosyncrasies.    For  example,  cholera 
and  typhus  fever  which  aflfect  man  do  not  affect  the 
lower  animals.    Swine  plague  does  not  affect  man. 
The  white  rat  is  immune  to  anthrax,  which  readily 
attacks  cattle.    Acquired  immunity  is  a  protection  not 
belonging  to  the  tissues  of  individuals  naturally  and  as 
part  of  their  constitution,  but  acquired  during  life  in 
one,  or  both,  of  two  ways.     Either  it  may  be  an 
involuntarily    acquired  immunity,   or  a  vohcntarily 
I  acquired  immunity^ — a  natural  attack   of  disease, 
or  an  artificial  attack  such  as  that  due  to  inoculation. 
I   Small-pox,  and  a  number  of  other  diseases,  rarely 
attack  the  same  individual  twice,  because  each  of  these 
diseases  leaves  behind  it,  so  to  speak,  its  antitoxic 
influence.    Hence  the  individual  has  involuntarily 
acquii'ed  immunity    against    these    diseases.  An 
i  example  of  voluntarily  acquired  immunity  occurs  in 
I   the  old  method  of  preventive  inoculation  for  small- 
!   pox,  or  variolation.    This  was  an  inoculation  setting 
I  up  an  artificial  and  mild  attack  of  small-pox,  by 
i  which  the  protective  antitoxins  of  that  disease  were 
I  produced.    It  was  a  voluntarily  acquired  immunity. 
I   This  form  of  artificial  production  of  protection  is 
{  artificial  immunity.     When  artificial  immunity  is 
i  produced  by  direct  inoculation  of  attenuated  bacteria 
in  toxins  (as  in  vaccination  or  Pasteur's  treatment 
of  rabies)  the  condition  is  known  as  active  immunity  ; 
\   where  antitoxins  are  inoculated  (as  in  the  antitoxin 
j   treatment  of  diphtheria)  the   condition:  is  that  of 
I  passive  immunity. 
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CHAPTER  XIII. 

DISINFECTION. 

Disinrection  is  the  destruction  of  the  specific 
virus  upon  which  infection  depends,  and  disinfectant 
is  equivalent  to  bactericide.  It  is,  however,  often 
loosely  a^jplied  also  to  antiseptics,  that  is,  to  sub- 
stances that  arrest  or  impede  the  growth  of  microbes 
without  destroying  their  vitality,  and  even  to 
deodorants  or  reagents  that  destroy  or  mask  the 
effluvia  which  are  the  frequent  by-products  of 
bacterial  growth. 

It  is  probable  that  protracted  exposure  to  air  and 
light  will  ultimately  destroy  most,  if  not  all,  pathogenic 
microbes,  although  under  favourable  conditions  the 
virus  of  tuberculosis  and  other  transmissible  diseases 
has  been  known  to  retain  its  vitality  for  many  years. 
It  would  seem  also  that  mere  diffusion  in  the  atmo- 
sphere may  render  a  virus  inert.  Typhus  attacks  a 
very  large  proportion  of  those  who  come  into  close 
contact  with  typhus  patients,  hwt  rarely  spreads  under 
other  conditions,  even  if  the  isolation  is  imperfect 
Small-pox,  on  the  other  hand,  is  believed  to  be  carried 
by  air  currents  for  long  distances  under  favourable 
meteorological  conditions.  Spores  of  pathogenic 
bacilli  would  doubtless  be  among  the  most  resistant, 
but  mechanical  portability  (influenced  by  the  form  of 
the  microbe  and  the  size  and  weight  of  the  epithelial 
scales  or  other  particles  to  which  it  may  be  attached), 
the  dryness  (or  the  reverse)  of  the  air,  and  the 
chemical  effect  of  the  atmospheric  oxygen,  are 
possible  factors,  and  it  is  at  all  events  conceivable 
that  a  certain  minimum  "dose"  of   the   virus  is 
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necessary  for  infection,  so  that  mere  dilution  beyond 
a  given  point  would  render  the  virus  harmless,  even 
without  destroying  its  vitality.  According  to  Koch, 
mere  drying  (desiccation)  kills  the  cholera  bacillus. 

The  complete  disappearance,  often  for  long  periods, 
of  measles  and  other  infectious  diseases  from  a  district 
'.  after  a  widespread  epidemic  is  in  itself  a  sufficient 
proof  that  an  enormous  amount  of  contagimn  does  in 
some  way  or  other  speedily  become  inert,  apart  from 
1  all  attempts  at  disinfection  and  the  exhaustion  of 
■  available  susceptible  material. 

,  Mechanical  removal  of  infection  from  rooms  or 
•  garments  is  often  an  important  adjunct  to  disinfection 
•proper.    Walls  are  stripped  of  paper,  or  scraped,  or 
rubbed  with  dough,  or  washed ;  floors  are  washed 
or  swept ;  a  strong  current  of  air  is  sent  through 
the  room ;   garments  are   washed    or   brushed,  or 
beaten,  and  hung  out  in  the  open  air.    As  a  rule, 
isuch  measures,  though  effectual  as  far  as  they  go, 
iare  in  themselves  incomplete  safeguards,  since  some 
1  portion  of  the  virus  may  escape  (^islodgment,  and 
I  there  is  no  certainty  as  to  the  future  harmlessness 
( of  the  rest. 

True  disinfection,  that  is  destruction  of  germs, 
imay  be  effected  by  heat  or  by  chemical  methods. 

Disinfection  by  heat  is  the  simplest  and  most 
I  thorough  of  all  methods.  With  articles  of  small  value, 
ithe  safest  plan  is  of  course  to  burn  them,  but  when 
tthis  radical  remedy  is  inapplicable,  disinfection  may 
I  usually  be  effected  by  exposure  to  moist  or  dry  heat. 

The  experiments  of  Koch,  Parsons,  and  others, 
lhave  shown  that  bacteria  and  even  spores  of  some 
^bacilli  are  destroyed  by  exposure  to  steam  at  a  tem- 
iperature  of  212°  F.  for  five  minutes,  or  to  hot  air  at  a 
ttemperature  of  220°  F.  for  four  hours.  Less  resistant 
«organi8ms,  for  example  micrococci  or  bacilli  free  from 
ispores,  are  destroyed  by  hot  air  at  220°  F.  in  an  hour. 
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Water  at  a  temperature  of  212'  P. — that  is,  boiling 
water— is  at  least  as  efficacious  as  steam. 

The  mode  of  experiment  was  to  steep  threads 
in  cultures  of  the  respective  organisms,  and  after 
exposing  them  to  known  temperatures  for  measured 
periods,  to  test  their  vitality  by  inoculation  or  further 
cultivation;  "control  experiments"  were,  of  course, 
made  in  each  instance,  to  prove  that  threads  treated 
in  exactly  the  same,  way,  except  as  regards  exposure 
to  heat,  gave  positive  results  in  cultivation  or  inocu- 
lation. Anthrax  spores  and  anthrax  bacilli  serve 
admirably  as  test  "objects,  since  they  are  themselves 
pathogenic,  and  can  be  readily  cultivated  or  inoculated, 
with  characteristic  and  unmistakable  results.  Little 
is  known  with  certainty  as  to  the  specific  microbes 
of  the  ordinary  infectious  diseases  attacking  man, 
and  in  regard  to  them  inoculation  experiments  are 
inadmissible,  so  that  for  the  present  we  can  only 
place  reliance  upon  such  processes  as  are  found 
experimentally  to  destroy  the  most  resistant  of  other 
organisms,  namely,  the  spores  of  bacilli. 

In  practice  the  problem  of  disinfection  is  almost 
always  complicated  by  the  fact  that  the  virus  is  not 
9^xposed  freely,  but  enclosed  in  garments,  pillows,  or 
even  beds  ;  that  is,  in  more  or  less  bulky  articles 
made  of  materials  that  have  been  selected  for  use  as 
being  the  worst  conductors  of  heat.*    It  is  found 

*  Wool  and  silk  are  the  warmest  materials  used  for  clotl\ing.  Not  only 
are  they  bad  conductors  of  heat,  but  they  absorb  a  considerable  amount  of 
moisture  without  becoming  damp.  The  watery  vapour  of  perspiration  is 
condensed,  and  its  latent  heat  rendered  sensible,  while  the  tenacity  with 
which  the  moisture  is  held  prevents  re-evaporation  and  chill.  Linen  and 
cotton  are  much  better  conductors  of  heat,  and  absorb  little  water.  Per- 
spiration readily  makes  them  damp,  and  they  are  then  chilly  owing  to 
evaporation. 

•  A  brief  note  may  be  introduced  here  respecting  the  microscopic  and 
chemical  characters  of  these  materials.  Under  the  microscope,  wool  fibres, 
like  hair,  are  straight,  unbranched,  and  exhibit  faint  cross-markings  and 
marginal  indentations,  due  to  the  imbrication  of  the  scales.  Silk  filaments 
have  no  such  markings,  and  are  structureless  except  for  occasional  nodes. 
Linen  fibres  have  many  nodes,  with  ragged  branching  filaments.  Cotton 
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that  steam  rapidly  penetrates  into  the  interior  of 
such  objects.  The  first  portions  condense,  parting 
with  their  latent  heat  in  so  doing,  and  create  a 
partial  vacuum,  so  that  successive  supplies  of  steam 
follow  continuously  until  a  temperature  of  at  least 
212°  Fahr.  is  attained  at  the  centre.  Dry  hot  air,  on 
the  contrary,  being  dependent  \ipon  conduction,  very 
slightly  aided  by  convection,  has  no  such  power,  and 
it  is  practically  impossible  to  raise  the  temperature  at 
the  centre  of  a  bed  or  similar  bulky  object  to  212°  Fahr. 
by  dry  heat  within  any  reasonable  number  of  hours. 
Hot  air  moistened  by  steam  is  superior  to  dry  hot  air 
in  penetration,  but  not  in  germicidal  power,  and  is 
far  inferior  to  steam  in  both  respects.* 


fibres  nre  flat  and  twisted,  without  nodes  or  brauclies.  Tlie  chemical 
reactions  are  sliown  in  the  following  table : — 


Eeagent. 

Wool. 

Silk. 

Cotton. 

Linen. 

Potash  or  Soda  (hot 
strong  solution)  .  ] 

Sulphuric  Acid  .    .  | 

Nitric   (or   Picric)  i 
Acid  f 

Zinc  Chloride  (hot ) 
strong  solution)  .  j" 

Ammonium  Cuprate 
(solution  of  CuO  > 
in  NHo )  .    .    .  J 

Dissolves. 

Nil. 

Turns 
yellow. 

Nil. 
Swells. 

Dissolves. 

Dissolves 
slowly. 
Turns 

yellow. 

Dissolves. 
Dissolves. 

Nil. 
Gelatinises. 
Nil. 

Dissolves. 

Nil. 
Gelatinises 
Nil. 

Dissolves 
slowly. 

*  Under  ordinary  atmospheric  pressure  of  14'7  lbs.  to  ti>e  square  incli, 
pure  water  boils  at  •212'  F.  ;  if  the  pressure  be  doubled,  at  249° ;  if  trebled, 
at  Ti'-'/  ;  these  being  tlie  temperatures  at  wliich  the  vapour  tension  of 
steam  is  equal  to  tlie  given  pressure.    Further  heating  of  water  beyond 
the  boiling  point  at  constant  pressure  {e.g.  in  the  open  air  wliere  the 
steam  can  escape  freely)  merely  produces  steam  ("  current  steam  "),  tlie 
temperature  of  both  water  and  steam  remaining  at  the  boiling  point 
corresponding  to  that  pressure.     Steam  thus  in  contact  with  water, 
whether  under  pressure  or  not,  is   "wet"  or  "saturated,"  and  if 
cooled  or  if  tlie  pressure  be  increased  it  begins  at  once  to  condense 
•  to  water  again.    If,  however,  it  is  further  heated  out  of  contact  with 
1  water,  it  becomes  "dry"  or  "  superheated"  and  behaves  as  a  permanent 
I  gas  until  such  time  as  cooling  or  increase  of  pressure  brings  it  to  the 
c  condensing  point. 

Steam,  in  condensing  to  water,  shrinks  to  yTToo  °f      bulk,  and 
Kgives  off  latent  heat  sufficient  to  raise  its  temperature  300*?  F.    There  is 
L 
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Another  important  consideration  is  the  effect  upon 
the  colour  and  texture  of  fabrics  exposed  to  lieat. 
Articles  composed  in  part  of  fusible  substances,  such 
as  glue  or  sealing-wax,  are,  of  course,  ruined  by  heat 
in  any  form.  Steam  is  inadmissible  for  leather  oVjjects, 
since  it  shrivels  them  up  and  renders  them  worthless; 
hot  air  merely  makes  them  temporarily  dry  and  brittle. 
With  these  exceptions,  steam  is  less  injurious  than  hot 
ftir  in  almost  all  respects.  New  woollen  goods,  such  as 
blankets  and  flannels,  lose  some  of  their  whiteness  and 
fleeciness  by  either  process,  but  not  more  than  in  one 
or  two  ordinary  washings.  Silk  and  cotton  are  not 
injui"ed  by  steam,  nor  by  hot  air  if  the  temperature  is 
carefully  regulated.  Dyes  are  surprisingly  little 
affected  by  either  steam  or  hot  air. 

The  chief  difficulty  in  steam  apparatus  is  to  prevent 
loss  of  heat,  and  condensation.  This  is  overcome  by 
surrounding  the  steam  chamber  with  a  "  steam-jacket," 
that  is,  by  making  the  wall  of  the  apparatus  double, 
and  admitting  steam  into  the  space  between  the  inner 
and  outer  casings.  A  door  is  provided  at  each  end, 
one  for  the  recej)tion  of  infected  goods,  and  the  other 
for  removal  of  the  goods  after  disinfection.  The  doors 
are  steam-tight,  and  are  fastened  by  strong  screw- 
clamps.  The  articles  to  be  disinfected  are  placed  in 
trays,  or  suspended  from  sliding  racks. 

Washington  Lj-on's  apparatus  is  oval  in  section,  and  is 
usually  -worked  wilh  a  pressure  of  10  lbs.  per  square  inch  in 
the  jacket  and  5  lbs.  in  the  chamber,  so  that  the  steam  Iji  the 
latter  is  superheated,  a  further  precaution  against  condensation. 
The  (irticles  having  been  introduced,  and  the  doors  closed  and 
secured,  steam  is  first  sent  into  the  jacket  so  as  to  heat  the 
contents  of  the  chamber.  Steam  is  next  admitted  into  the 
chamber  itself,  and  soon  reaches  the  full  pressure  required.  It 
is  found  that  penetration  is  more  rajjid  if  the  pressure  is  inter- 
mitted once  or  twice,  which  is  readily  effected  by  turning  a 

corresponding  expansion  and  absorption  of  latent  heat  in  conversion  of 
boiling  water  into  steam.  At  any  given  pi-essure  the  boiling  point  of 
water  containing  salts  in  solution  is  slightly  raised. 
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cock.  Ten  to  twenty  minutes  suffice  for  the  penetration  of 
even  bulky  objects,  and  at  the  end  of  that  time  the  steam  is 
allowed  to  escape  from  the  chamber,  the  door  is  opened,  and 
the  articles  are  removed.  Further  drying  may  be  effected  if 
necessary  by  leaving  the  door  ajar  for  a  few  minutes,  and 
exposing  the  articles  to  heat  from  the  jacket. 

In  Goddard,  Massey,  and  Wai-ner's  apparatus  the  lower 
part  of  the  jacket  serves  as  the  boiler,  and  the  pressure  in  the 
chamber  is  the  same  as  that  in  the  jacket,  usually  about  20  lbs., 

■  so  that  the  steam  is  not  superheated.    After  the  articles  are  put 
in  and  the  door  closed,  hot  air  is  drawn  through  for  two  or 

'  three  minutes,  and  this  is  repeated  after  the  ten  or  twenty 
minutes'  exposure  to  steam. 

The  Equifex  disinfector,  upon  the  model  of  Geneste  and 
Herscher,  largely  used  on  the  Continent,  has  no  steam  jacket,  but 
is  lagged,  and  hot  steam-pipes  within  the  chamber  serve  to 
lessen  condensation  and  dry  the  disinfected  articles.  The 
usual  pressure  is  about  10  lbs.,  and  the  steam  is  not  super- 

'  heated. 

Low-pressure  steam — that  is,  steam  under  pressure  only 
slightly,  if  at  all,  exceeding  the  atmospheric  pressure — was 
found  by  Koch  to  be  not  inferior  in  germicidal  power  to 
:  steam,  at  higher  pressure.    Van  Overbeek  de  Meyer  devised  an 
apparatus  in   which  the  steam,  generated  at  atmospheric 
1  pressure  in  a  jacket-boiler  surrounding  the  chamber,  passed  in 
1  through  an  opening  at  the  top.    The  temperature  did  not 
•■  exceed  212'',  but  the  results  were  practically  as  good  as  those 
attainable  with  high  pressure.    In  Thresh's  Current  Steam 
Disinfector  a  somewhat  higher  temperature  is  obtained  without 
pressure,  by  the  use  of  a  saline  solution,  in  place  of  plain  water 
in  the  jacket-boiler.    Reek's  is  still  simpler,  the  jacket  being 
I  dispensed  with. 

All  of  these  fulfil  the  essential  conditions — namely, 
1  rapidity  of  penetration,  destruction  of  all  organic  life 
;in  the  interior  of  bundles  of  moderate  bulk  without 
! injury  to  fabrics,  and  lastly,  convenience  in  working. 
iHigh  pressure,  intermitted,  has  perhaps  some  ad- 
vantage in  rapidity  of  disinfection  of  exceptionally 
bulky  articles  ;  but  for  ordinary  purposes  the  simpler 
nand  less  costly  low-pressure  apparatus  is  almost  equally 
Lgood.  Esmarch  has  cast  doubt  upon  the  germicidal 
(  efficiency  of  superheated  steam. 
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llot-air-disinfection  apparatus  laljours  under  a 
threefold  disadvantage  as  compared  witli  steam. 
The  available  temperature  and  duration  of  exposure 
are  limited  by  the  tendency  to  scorch  the  articles  ex- 
posed ;  the  penetration  of  heat  is  so  slow  tliat  it  is 
practically  impossible  thoroughly  to  disinfect  objects 
of  moderate  thickness,  such  as  pillows;  and  lastly, 
the  germicidal  effect  of  a  given  temperature  is  far 
less  with  hot  air  than  with  steam.  The  only  advan- 
tage that  can  be  claimed  for  hot  air  is  that  leather 
and  bound  books  are  not  spoiled  by  it  as  they  are 
by  steam.  . 

The  best  apparatus  of  this  kind  is  that  devised  man\'  years 
ago  by  Ransom.  It  consists  of  a  rectangular  chamber  of  wood 
and  iron,  lined  with  non-conducting  material.  Hot  air  mixed 
with  the  products  of  combustion  passes  into  the  chamber  after 
being  heated  bj'  a  number  of  gas  jets;  the  temperature  of  the 
hot  blast  is  kept  constant  by  an  automatic  mercui'ial  regulator, 
which  controls  the  gas  sujjply  and  can  be  set  for  any  required 
temperature.  An  outlet  with  a  chimney  is  provided  at  the  top 
of  the  chamber.  The  best  working  temperature  is  about 
255°  F.,  this  being  the  highest  that  can  be  used  for  long 
periods  without  danger  of  singeing  cotton  goods.  Thermometers 
are  placed  at  the  inlet  and  outlet.  If  the  contents  of  the  stove 
should  take  fire  owing  to  overheating  or  to  lucifer  matches 
being  left  in  the  poclcets,  the  gas  is  automatically  turned  off  and 
the  entrance  of  air  arrested,  by  the  falling  of  a  weighted  lever, 
which,  until  such  accident  occurs,  is  held  suspended  by  a  chain 
attached  to  a  fusible  metal  bar  in  the  interior  of  the  chamber. 
It  is  customary  to  expose  articles  to  hot  air  at  about  255"  F. 
for  two,  four,  or  eight  hours  or  more,  according  to  their  ,  bulk, 
but  for  reasons  already  stated  the  penetration  of  heat  is  very 
limited. 

The  following  figures,  which  give  the  mean  values 
obtained  in  a  series  of  120  experiments,  serve  to  show 
how  slowly  the  temperature  rises  in  the  interior 
of  woollen  objects  exposed  to  hot  air.  Registering 
maximum  thermometers  were  placed  beneath  layers 
of  blanket.    The  inlet  temperature  was  about  255° 
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F,  throughout  the  series,  and  the  linal  outlet  tempera- 
ture 245"  to  250°  F.  :— 


Duratiou  of 

2 

4 

6 

12 

18 

Exposure. 

layers. 

layers. 

layers. 

layers. 

layers. 

•1  hours 

220'  F. 

206°  F. 

190°  F. 

162°  P. 

130°  F. 

0    „  . 

226'  „ 

214°  „ 

208°  „ 

174°  „ 

158°  „ 

8  

230°  „ 

221°  „ 

196°  „ 

182°  „ 

In  striking  contrast  to  the  above  were  the  results 
of  another  series  of  experiments  with  steam  apparatus,, 
the  same  blankets  being  employed.  An  electric  ther- 
mometer, ringing  at  212°  F.,  was  placed  beneath 
sixteen  or  more  layers  of  blanket,  and  served  to 
indicate  the  exact  interval  between  the  first  exposure  to 
steam  and  reaching  212°  F.  Different  forms  of  steam 
apparatus  were  tested,  with  low  pressure  as  well  as 
high,  and  the  maximum  interval  noted  was  17  minutes. 

It  is  essential  that  any  apparatus  for  disinfection 
by  heat  should  have  doors  at  opposite  ends,  opening 
into  entirely  separate  rooms  provided  with  separate 
entrances.  One  of  these  rooms  should  be  strictly  re- 
served for  infected  and  the  other  for  disinfected  goods, 
and  no  articles  should  on  any  account  be  allowed  to 
enter  the  latter  room  except  through  the  stove,  the 
object  being  of  course  to  guard  against  the  danger  of 
reinfection  of  the  purified  articles. 

Chemical  disinfection  has  been  shown  by  the 
accurate  experiments  of  Koch  and  others  to  be  a  matter 
of  considerable  difficulty,  and  comparatively  few  of 

'  the  so-called  disinfectants  in  common  use  prove  to  be 
really  germicidal  under  the  conditions  of  actual 
practice.  A  convenient  but  severe  test  is  to  expose 
to  the  "disinfectant,"  for  a  definite  period,  thi-eads 
which  have  been  soaked  in  a  cultivation  containing 

:  anthrax  spores  and  then  dried.    After  the  "  disin- 
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fectioii,"  cultivation  or  inoculation  experiments  show 
whether  the  spores  survive  or  not,  control  experiments 
being  made  at  the  same  time.    Among  the  very  few 
substances  which  killed  the  spores  within  a  day  (and  for 
practical  disinfection  this  is  far  more  than  can  often  Vje 
allowed)  were  mercuric  chloride  (1  per  cent.),  carbolic 
acid  and  potassium  permanganate  (5  per  cent.),  and 
chlorine  and  bromine  water.    A  4  per  cent,  solution 
of  carbolic  acid  took  three  days,  and  1  per  cent,  per- 
manganate had  no  effect  in  two  days.    Among  those 
which  failed  were  5  per  cent,  solutions  of  chloride  of 
lime,  zinc  salts,copper  sulphate,  ferrous  sulphate, boracic 
acid,  and  sulphurous  acid,  and  5  per  cent,  carbolic 
oil.    Several  of  these,  however,  are  able  to  kill  less 
resistant  forms,  such  as  sporeless  anthrax  bacilli ;  or, 
serving  as  antiseptics,  to  prevent  multiplication.  A 
substance,  to  be  a  satisfactory  disinfectant,  should 
possess  five  characters  :  (a)  it  should  be  germicidal 
within  a  reasonable  time  limit ;  {b)  it  should  not 
possess  chemical  properties  which  unfit  it  for  ordinary 
use  ;  (c)  it  should  be  soluble  in  water,  or  capable  of 
giving  rise  to  soluble  products  in  contact  >vith  the 
material  to  be  disinfected  ;  {d)  it  should  not  pi'oduce 
injurious  effects  on  the  human  tissues  ]  and  (e)  it 
should  not  be  too  costly  in  proportion  to  its  ger- 
micidal   value.      The   substances    which  fulfil  all 
these  requii'ements  are  not  numerous.    Many  value- 
less experiments  have  been  made  respecting  such 
chemical  bodies,  because  the  conditions  necessary  to 
valid   and    comparable    results  have  been  ignored. 
These  conditions  are  chiefly  three,  namely,  using  dis- 
infectants which  give  regular  and  consistent  results, 
using  standardised  bacterial  cultures  as  to  age  and 
source,  and  working  with  the  same  organism.  Out 
of  the  confusion  of  contradictory  findings  it  is  possible, 
however,  to  name  a  number  of  reliable  disinfectants. 
The  liquid  reagents  most  in  use  are  mercuric  chloride 
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(1  to  500),  potassium  permanganate  (5  per  cent.), 
formalin  (40  per  cent,  solution),  carbolic  acid  (5  per 
cent.),  zinc  chloride  (2'5  per  cent.),  chloride  of  lime 
(1  to  2  per  cent.),  creosol,  cyllin,  lysol,  creolin,  and 
many  compounds  of  the  aromatic  series  {e.g.  izal  and 
Jeyes'  fluid,  which  contain  the  higher  phenols,  and 
form  emulsions  with  water). 

A  most  important  consideration  in  regard  to  the  more 
potent  reagents  forming  the  first  series  is  their  "  working 
strength."  If,  for  example,  it  is  proposed  to  disinfect  a 
putrescent  liquid  hy  means  of  permanganate  of  potash,  it  is 
ahsoliitelj'-  useless  to  add  a  little  of  a  5  per  cent,  solution  of  the 
salt.  We  must  add  either  the  solid  permanganate  or  a  highly- 
concentrated  solution,  until  the  permanganate  is  present  as 
such  to  the  extent  of  5  per  cent,  of  the  whole  weight  of  liquid, 
this  5  per  cent,  being  of  course  in  addition  to  the  amount 
required  to  oxidise  the  organic  matter.  These  essential 
conditions  are  rarely  if  ever  observed  in  practice,  and  "  disin- 
fection "  by  permanganate  consists  really  of  deodorisation 
with  partial  oxidation  of  organic  matter.  A  similar  considera- 
tion applies  to  mercuric  chloride,  which,  if  added  to  liquids 
containing  organic  matter,  forms  a  precipitate  that  carries 
down  part  of  the  mercury  in  an  inert  form,  and  if  sulphuretted 
hydrogen  is  present,  the  equally  inert  sulphide  of  mercury  is 
thrown  down.  So,  too,  with  carbolic  acid,  which  must  form 
not  less  than  5  per  cent,  of  the  whole  weight  of  liquid — not 
merely  of  the  stock  solution — if  it  is  to  destroy  anthrax 
spores. 

Mercuric  chloride  is  one  of  the  chief  reagents  that 
can  be  conveniently  employed  in  solution  under  such 
conditions  as  to  destroy  the  most  resistant  microbes. 
One  part  of  mercuric  chloride  in  1,000  of  water 
destroys  anthrax  spores,  according  to  Koch,  but 
other  observers  have  found  this  strength  inadequate. 
The  great  drawback  to  this  reagent  is  its  extremely 
poisonous  nature,  but  it  may  be  kept  in  fluted 
poison  bottles  properly  labelled,  and  the  solution  may 
be  artificially  coloured  with  indigo,  and  "odorised" 
with  thymol,  as  further  safeguards.  The  following 
proportions  are  suggested  in  a  memorandum  of  the 
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L.G.B.  (1905): — \  oz.  mercuric  chloride,  1  oz.  hydro- 
chloric acid,  and  5  grains  of  commercial  aniline  blue, 
in  three  gallons  of  water.  This  ought  not  to  cost  more 
than  one  penny  per  gallon  and  should  not  be  further 
diluted.  Non-metallic  vessels  (wooden  or  earthen- 
ware) should  be  used.  Articles  soaked  in  the 
mercurial  solution  should  be  steeped  in  water  for 
some  hours  befoi^e  washing.  Whether  the  contagia 
of  human  diseases  are  amenable  to  less  potent  reagents 
is  still  an  open  question,  but  for  the  present  it  is  not 
safe  to  assume  this. 

Many  fluid  disinfectants  are  now  applied  direct  to 
infected  surfaces  by  means  of  a  sprayer  (Equifex, 
Mackenzie,  etc.),  such  as  chloride  of  lime  (1  lb.  to  10 
gallons  of  water),  carbolic  acid  (5  per  cent.),  formalin 
(40  per  cent,  solution,  4  ozs.  to  the  gallon). 

Fumigation. — For  the  disinfection  of  rooms  and 
other  closed  spaces  the  principal  reagents  in  use  are 
sulphurous  acid,  chlorine,  bromine,  nitrous  acid,  and 
formic  aldehyde.  Sulphurous  acid  is  usually  gener- 
ated by  setting  fire  to  fragments  of  roll  sulphur  in  an 
iron  vessel,  with  the  addition  of  a  little  spirit  to 
facilitate  lighting.  Sulphur  candles  are  convenient 
substitutes,  or  bisulphide  of  carbon  may  be  burnt 
in  a  lamp.  The  prescribed  proportions  are  1  to  3 
lbs.  of  sulphur  to  every  1,000  cubic  feet  of  air  space, 
yielding  theoretically  1-1  to  3-3  per  cent,  of  sulphur- 
ous acid  in  the  air  of  the  room. 

Chlorine  is  most  conveniently  produced  by  adding 
crude  hydrochloric  acid  to  chloride  of  lime.  The 
strength  of  the  latter  varies,  but  as  a  rule  li  to  2 
pints  of  the  acid  should  be  allowed  for  each  pound  of 
chloride  of  lime.  No  heat  is  requii-ed ;  indeed  the 
reaction  is  so  rapid  that  it  is  necessary  to  secure  time 
for  the  operator  to  escape,  by  letting  the  acid  drip 
through  a  small  hole  upon  a  little  cup  which,  when 
full,  overflows  into  the  dish  containing  the  lime.  The 
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quantities  required,  according  to  German  experiments, 
are  very  large — about  15  lbs.  of  chloride  of  lime 
and  22  lbs.  of  hydrochloric  acid  *  for  every  1,000  cubic 
feet.  These  quantities,  being  somewhat  prohibitive, 
are  commonly  reduced  to  one-tenth  or  less  in  practice. 
The  reagents  should  be  divided  into  a  convenient 
number  of  portions  and  placed  in  several  parts  of  the 
room  in  positions  as  near  the  ceiling  as  pi'acticable, 

Nitrous  fumes  are  generated  by  adding  copper 
filings  or  other  reducing  agents  to  nitric  acid. 

In  any  case  the  room  must  be  rendered  as  nearly 
air-tight  as  possible  before  fumigation.  Paper  should 
be-  pasted  over  the  fireplaces  and  ventilators,  and 
around  the  window-sashes  and  doors,  leaving,  of 
course,  one  door  to  be  pasted  up  on  the  outside 
after  the  operator  quits  the  room.  It  is  desirable 
to  render  the  air  of  the  room  moist  by  means  of 
steam  or  water  before  fumigating  by  sulphurous  a,cid 
or  chlorine,  to  an  extent  sufficient  to  moisten  the  walls 
and  other  surfaces. 

In  ordinary  rooms  it  appears  that  the  unavoid- 
able leakage  is  considerable,  so  that  the  theoretical 
proportion  of  the  gas  is  only  present  for  a  very  short 
time,  if  at  all.  The  slightest  protection  shields  even 
sensitive  microbes  from  the  action  of  the  fumigant ; 
veiy  few  are  killed  which  lie  in  crevices,  or  in  the 
pocket  of  a  coat,  or  are  wrapped  in  filter  paper, 
Koch's  experiments  in  an  almost  air  -  tight  box 
showed  that  sulphurous  acid,  in  the  proportion  of 
I'O  per  cent,  of  the  cubic  space,  killed  anthrax 
bacilli  and  other  sensitive  organisms  in  half  an  houi-, 
but  that  anthrax  spores  and  other  spores  of  bacilli 
resisted  6*0  per  cetit.  for  days.  The  addition  of 
moisture  greatly  accelerated  the  action  upon  bacilli, 
and  so  far  increased  the  effect  upon  spores  of  bacilli 

*  strong  sulphuric  acid  may  he  substituted  for  crude  hydrochloric 
acid.    About  a  third  of  the  quantity  would  suffice. 

L* 
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that  some  of  them  were  killed  by  exposure  to  5  per 
cent,  sulphurous  acid  for  twenty-four  hours. 

Formic  aldehyde  vapour  can  be  obtained  by  various 
devices  in  the  way  of  lamps  (paraform  lamp  burning 
30  tabloids  per  1,000  cubic  feet);  more  effectively  by 
Trillat's  autoclave,  a  somewhat  costly  apparatus,  in 
which  its  40  per  cent,  aqueous  solution,  known  as 
formalin,  is  treated  at  high  pressui'e  in  presence  of 
calcium  chloride,  the  gas  being  passed  through  the  key- 
hole by  means  of  a  tube  ;  or  by  Lingner's  apparatus,  m 
which  glyco-formal  (formalin  30  per  cent,  and  glyceiine 
10  per  cent. )  is  vaporised  and  ejected  as  a  fine 
spray.  If  the  formalin  is  simply  heated  much 
of  the  aldehyde  changes  into  a  solid  polymeride 
faraform.  The  amount  of  formalin  required  for  each 
thousand  cubic  feet  of  air-space  in  a  room  is  variously 
stated  as  150  to  500  c.c.  The  vapour,  in  the  propor- 
tion of  1  per  cent,  in  air,  or  solution  of  0-5  per  cent, 
sti'ength,  is  found  to  destroy  most  organisms.  For 
purposes  of  fumigation  formic  aldehyde  has  advantages 
over  sulphurous  acid  and  chlorine  in  its  lower  density, 
which  gives  it  greater  diifusibility  and  some  power  of 
penetration,  and  in  its  more  rapid  action.  It  acts 
best  if  the  air  is  dry,  and  is  harmless  to  most  colours 
and  most  surfaces  except  iron.  The  vapour  is  irri- 
tating, but  readily  cleared  away  by  ventilation. 

Klein,  Houston,  and  Gordon,  in  1902,  found  that 
formic  aldehyde  gas  (30  tabloids  of  "034  oz.  each  to 
1,000  cubic  feet  space)  killed  the  cholera  and  typhoid 
bacilli,  and  the  diphtheria  bacillus,  as  well  as  staphy- 
lococcus jjyoyenes  aureus,  in  five  hours,  and  devitalised 
tubei'cular  sputum  on  linen  and  paper.  The  same 
may  be  said  of  sulphurous  acid  gas  (3  lbs.  to  1,000 
cubic  feet)  in  24  hours,  except  that  the  sputum  re- 
mained unaffected.  Anthrax  spores  were  not  killed 
uniformly  under  any  of  these  conditions. 

It  would  seem,  therefore,  that  if  precautions  are 
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'  taken  to  reduce  the  leakage  to  a  minimum,  fumigation 
by  sulphurous  acid,  chlorine,  or  formic  aldehyde, 
I  may  be  able  to  destroy  most,  if  not  all,  of  those 
!  microbes  that  are  not  very  resistant,  and  that 
\  happen  to  be  freely  exposed  upon  the  surface. 

Fumigation  is  to   be   regarded  as — at  most — a 

■  disinfection  of  air  and  of  surface.  Even  this  is 
i  an  important  step  in  the  direction  of  safety,  for  the 
!  surface  is  precisely  that  portion  of  an  infected  article 

which  is   most  readily   and  most  largely  charged 

■  with  infective  matter,  and  from  which,  moreover,  in- 
1  fection  is  most  readily  given  off  to  persons  handling 
.  or  coming  into  contact  with  the  fomites.    As  a  pre- 
liminary process  it  alfords  some  degree  of  security  to 

'  those  engaged  in  carrying  out  later  and  more  thorough 
!  measures  of  disinfection.  It  can  be  supplemented,  as 
!  regards  surfaces,  by  washing  with  soap  and  water,  or 
^  with  a  disinfectant  solution ;  wall-papers  can  be 
J  stripped  off,  or  lime-wash  renewed. 

Disinfection  of  the  air  of  a  room  is  practically 
t  ensured  by  the  free  ventilation  which  in  any  case 
I  must  be  effected,  but  if  infected  surfaces  or  articles 
J)  are  allowed  to  remain,  the  air  may  at  any  time  again 
1  become  charged  with  infective  matter  accidentally 
(  dislodged  from  its  resting-place. 

Besides  the  germicidal  power  of  the  reagent  there 
a  are  three  other  conditions  essential  to  disinfection — 
rnamely,  sufficient  strength  or  intensity,  maintained 
f  for  a  sufficient  time,  with  sufficient  contact  or 
'  exposure. 

In  few  departments  of  hygiene  have  absurd  generalisations 
heen  so  prevalent  as  in  reference  to  disinfection.  "Disin- 
•fectants,"  or  substances  labelled  as  such,  are'  still  widely 
employed  under  conditions  which  a  moment's  reflection  would 
show  to  be  utterly  incompatible  with  any  real  efiBcacy. 
Passing  over  such  trivialities  as  "  fumigation "  by  burning- 
brown  paper  or  green  sticks,  we  have  the  wholesale  employ- 
;ment  of  deodorajits   and  antiseptics   under  the    ntvme  of 
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disinfection,  unsupported  by  any  scientific  evidence  of  their 
iitilit}\  The  few  true  disinfectants  in  general  use  are 
commonly  omploj'ed  under  such  conditions  as  to  quantity, 
concentration,  and  duration  of  exposure,  that  little  benefit  can 
result  from  them.  Earth  is  popularly  believed  to  be  a 
universal  disinfectant,  and  yet  earth  abounds  in  microbes,  some 
of  which  are  pathogenic.  Indeed,  the  very  nitrification  upon 
which  the  purifying  action  of  earth  is  so  largely  dependent 
is  in  great  jmrt  due  to  the  life  and  growth  of  microbes.  It  is 
often  asserted  that  the  danger  of  infection  by  diseased  meat  is 
exaggerated,  because  the  process  of  cooking  must  destroy  any 
microbes  that  may  be  present.  Even  as  regards  microbes,  the 
temperature  in  the  interior  of  joints  obviously  may  fall  far 
short  of  that  required  for  disinfection,  and  the  ptomaines  and 
unorganised  ferments  (toxins)  are  in  all  probability  uninjured 
by  ordinary  cooking.  The  gastric  juice  also  is  credited  with 
a  disinfecting  power  much  greater  than  the  evidence  wan-ants. 
The  "  comma  "  bacillus  and  many  others  are  destroyed  by  it, 
but  spores  may  escape.  Sarcinaj  and  other  microbes  may  be 
found  in  abundance  in  the  stomach  itself,  fully  exposed  to  the 
alleged  germicidal  gastric  juice  ;  and  in  the  intestine  millions 
of  microbes  are  always  present.  Moreover,  it  is  now  estfib- 
lished  beyond  dispute  that  tuberculosis  and  other  diseases  are 
communicable  to  animals  by  means  of  the  alimentarj'  canal. 

Attempts  are  often  made  to  "  disinfect "  sewers  and  drains 
by  flushing  them  with  solutions  of  chloride  of  lime,  carbolic 
acid,  or  ferrous  sulphate.  A  little  consideration  will  render  it 
clear  that  any  real  disinfection  of  this  kind  is  wholly 
impracticable,  even  if  true  disinfectants  such  as  strong 
solutions  of  mercuric  chloride  are  used.  The  reagent  is 
quickly  diluted  by  the  contents  of  the  drain,  and  rapidlj- 
passes  away  without  coming  even  momentarily  into  effectual 
contact  with  the  whole  of  the  material  and  surfaces  it  is 
supposed  to  disinfect.  If  the  drain  or  sewer  is  properly 
constructed,  thorough  flushing  by  water  will  be  more  efiectual 
than  the  use  of  disinfectants. 

Antiseptics  are  reagents  which  prevent,  an'est,  or 
impede  the  growth  and  multiplication  of  mici-obes, 
without  necessarily  destroying  them.  All  true  chemical 
disinfectants  are  still  antiseptic  when  diluted,  provided 
that  the  dilution  is  not  carried  too  far  (mercuric 
chloride  has  some  trace  of  antiseptic  power  even  at 
the  enormous   dilution  of  1  in  300,000^.  Among 
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other  important  antiseptics  are  : — Boracic  acid,  borax, 
sulphurous  acid ;  essential  oils,  including  those  of 
mustard,  thyme,  turpentine,  peppermint,  cloves,  and 
eucalyptus  ;  quinine  and  other  alkaloids. 

Antiseptics  are  employed  mainly  to  prevent  or 
arrest  decomposition  of  organic  substances.  Apart 
from  surgical  purposes,  they  are  used  for  the  preser- 
vation of  food,  to  prevent  or  restrain  decomposition 
in  organic  refuse,  as  a  precaution  against  rotting  of 
timber,  and  in  many  other  ways. 

Deodorants  serve  to  remove  or  mask  effluvia. 
Among  aerial  deodorants,  nitrous  acid  is  one  of  the 
most  powerful.  Chlorine  and  the  fumes  given  ofl 
by  moist  chloride  of  lime  are  also  potent,  and  act 
by  oxidation  of  organic  matter;  they  decompose 
sulphuretted  hydrogen,  which  is  an  important  con- 
stituent of  the  gases  of  putrefaction.  Hydrochloric 
acid  fumes,  like  chlorine,  neutralise  the  free  ammonia 
and  ammonium  carbonate.  Sulphurous  acid  may,  per- 
haps, act  in  some  degree  as  a  reducing  agent,  and  also 
as  an  antiseptic,  but  its  chief  effect  is  to  overpower 
tJie  effluvia  and  necessitate  free  vexitilation.  Fumes 
of  wood,  tar,  or  paper  are  quite  useless  except  for  the 
same  reason. 

Of  the  solid  or  liquid  deodorants,  ferrous  sulphate 
and  cupric  sulphate  act  mainly  by  removing  the  sulphu- 
retted hydrogen  as  a  precipitate ;  potassium  pei'manga- 
nate  simply  oxidises  ;  carbolic  acid  and  the  essential  oils 
exert  an  antiseptic  effect  and  so  check  further  decompo- 
sition, while  at  the  same  time  their  powerful  odour 
masks  all  others.  The  ozone  or  peroxide  of  hydrogen 
which  is  believed  to  be  associated  with  the  essential 
oils  may  effect  some  small  amount  of  oxidation. 
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CHAPTER  XIV 

SPECIFIC  DISEASES 

Small-pox  has  been  described  more  or  less  clearly 
in  Eastern  countries  for  nearly  two  thousand  yeai-s, 
and  more  definitely  in  Europe  since  the  sixth  century. 
No  part  of  the  world  is  exempt  from  epidemic  visita- 
tion ;  but  in  India  and  the  Soudan  it  is  so  constantly 
prevalent  that  these  may  be  regarded  as  endemic  foci. 
Pandemic  extension  occurs  from  time  to  time,  charac- 
terised by  the  enormous  areas  attacked,  and  by  the 
malignant  type  of  the  disease.  The  l^st  of  these  was 
that  of  1871-2,  which  overran  Europe  and  America, 
and  caused  in  England  alone  42,000  deaths  during  the 
two  years. 

The  whole  epidemic  character  of  small-pox  hag 
completely  changed  since  the  introduction  of  vaccina- 
tion. The  "  bills  of  mortality  "  show  that  upon  the 
average  7  to  9  per  cent,  of  the  persons  buiied  in 
London  during  the  seventeenth  and  eighteenth  centu- 
ries had  died  of  small-pox,  and  in  epidemic  years  the 
proportion  often  rose  to  13,  15,  or  even  18  per  cent. 
The  only  aj)proach  to  this  state  of  thiugs  since  the 
introduction  of  vaccination  was  ia  the  pandemic  year 
1871,  when  9  "8  per  cent,  of  the  deaths  in  London 
were  due  to  small-pox.  The  general  mortality  upon 
which  this  percentage  is  calculated  is,  of  course,  far 
smaller  in  proportion  to  population  than  in  the  last 
centuiy.  During  the  greater  part  of  last  century 
small-pox  became  somewhat  prevalent  in  London 
every  four  or  five  years,  but  in  the  decade  1891-1900 
it  remained  at  a  very  low  ebb,  although  there  have 
been  signs  of  reviving  activity  since  1900.  The 
same  remarks  apply  more  or  less  to  the  other  English 
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t  towns,  all  of  which  sufiered  heavily  in  1871-2,  and 
-  with  few  exceptions  have  been  unprecedentedly  free 
t  from  the  disease  in  recent  years.  A  severe  epidemic 
•occurred  in  Sheffield  in  1887-8,  however,  in  the 
;jmanufacturing  districts  of  Yorkshire  and  Lancashire, 
land  at  Gloucester  in  1896,  and  throughout  the  country 
iin  1902-3. 

Season. — The  mortality  curve  for  small-pox  in 
FEngland  is  above  the  mean  from  January  to  June, 
.and  below  it  from  July  to  December.  The  New 
^York  curve  does  not  diflFer  essentially  from  this,  but 
r rises  to  a  more  definite  maximum  in  May.  In  India 
:  the  maximum  occurs  in  the  cold  season,  namely,  in 
}March  or  April. 

Soil  is  not  found  to  have  any  influence  upon  the 
;  prevalence  of  small-pox. 

Air. — In  1884-5  it  was  found  by  Power  that 
i-cases  of  small-pox  in  the  sul-rounding  districts  foi- 
l-lowed the  admission  of  acute  cases   into  Fulham 
1  Hospital.    He  showed  that,  if   the   district  were 
l! divided  into  zones,  by  means  of  circles  drawn  upon 
I  the  map  from  the  hospital  as  a  centre,  with  radii 
'of  \,  |,  |,  and  1  mile  respectively,  and  an  enumera- 
tion made  of  all  the  houses  in  each  belt,  and  also 
•of  all  houses  invaded  by  small-pox,  the  proportion  of 
; invaded  houses  diminished  as  the  distance  from  the 
1  hospital  increased,  and  this  relation  held  good  in  each 
•"quadrant"  of  each  zone  (Fig.  23).     Within  the 
1  juarter-mile  zone  there  was  only  one  approach  to  the 
I  hospital,  and  this  was  in  the  KW.  quadrant.  The 
i  distribution  of  cases  in  the  several  quadrants  was  not 
^uch  as  to  suggest  any  relation  to  lines  of  traffic  or 
imbalance  routes.    Power  concluded  that  diifusion 
only  occurred  when  acute  cases  were  aggregated,  and 
•perhaps  only  under  certain  atmospheric  conditions 
I  chat  cannot  as  yet  be  defined. 

Barry  found  a  similar  radiation  of  infection  from 
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liospital  upon  a  larger  scale  in  the  Sheffield  epidemic 
of  1887-8,  but  the  possibility  of  personal  convection 
could  not  be  entirely  excluded.  Similar  observations 
with  similar  results,  namely,  a  graduated  intensity  of 
sraall-pox  incidence  as  distance  between  sraall-pox 
hospital  and  a  populous  neighbourhood  became  less. 


N 


S 

Fig.  23. — Incidence  of  Small-pox  upou  District  arovuid  Fulham  Hospital, 
May  25th,  1884,  to  September  26tli,  1885. 

The  figures  show  tUe  percentage  of  houses  invaded  in  each  quadrant  and 
quarter-mile  zone. 

have  been  made  at  Oldham  in  1893 ;  Warrington 
1892-3  ;  Bradford  1893  ;  Glasgow  1900-01,  and  the 
Orsett  Union^  adjoining  the  site  of  the  small- 
pox hospital  ships  in  the  Thames,  from  1884 
to  1902.  These  and  other  careful  investigations 
leave  little  room  for  doubt  that  under  favour- 
able conditions  small-pox  can  be  conveyed  through 
the  air,  and  for  considerable  distances.  An  ob- 
servation at'  Nottingham,  1887-8,  tends  to  show  that 
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tthe  same  radiation  may  occur  upon  a  small  scale  from 
;a  single  acute  case.  The  town  had  been  absolutely 
:free  from  small-pox  for  a  year,  when  a  case  was 
i imported  and  concealed  in  a  crowded  house  in  a  dense 
.quarter.  On  the  south  side  this  house  was  closely 
sadjoined  by  courts  and  alleys  that  were  only  acces- 
ssible  (from  the  north)  by  a  long  and  circuitous  route ; 
sstreets  and  houses  on  all  the  other  sides  of  the  house 
iin  question  were  freely  accessible.  Three  houses 
ssituated  in  the  isolated  courts  on  the  south  were 
i  invaded,  but  none  in  the  directions  in  which  traflSc 
(.could  pass.  The  dates  of  attack  in  each  case  corre^ 
ssponded  with  the  hypothesis  of  aerial  convection  from 
tthe  concealed  case  during  the  acute  stage,  and  the 
^wind  was  northerly  at  the  time  of  probable  infection 
iin  each.  Confirmatory  evidence  as  to  such  diffusion  of 
Bsmall-pox  from  centimes  outwards  has  been  repeatedly 
rrecorded. 

Neither  water  nor  milk  has  been  shown  to  convey 
tthe  infection  of  small-pox. 

Age  and  sex. — The  mortality  from  small-pox  is 
greater  among  males,  not  only  at  all  ages  taken 
ttogether,  but  also,  with  few  exceptions,  at  each  age 
fperiod.  The  exceptions  are  the  second  and  third  year 
oof  life,  and  the  tenth  to  the  fifteenth  year,  at  all 
D)f  which,  from  some  unexplained  cause,  the  female 
imortality  slightly  exceeds  the  male. 

The  relation  to  age  has  to  be  considered  with 
rceference  to  vaccination.  In  pre- vaccination  times, 
MS  McVail  has  shown  from  the  Kilmarnock  registers, 
^^0  per  cent,  of  the  deaths  were  at  ages  below  five 

/ears,  the  actual  maximum  being  in  the  second  year. 
I  Under  present  conditions,  the  deaths  under  five  years, 
►jeing  practically  limited  to  unvaccinated  children, 

■onstitute  only  30  per  cent,  of  the  total  small-pox 
l  leaths,  and  in  this  age  period  the  greatest  mortality 
'«)ccurs  in  the  first  year,  being,  indeed,  highest  in  the 
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first  thi-ee  months  of  life.  It  diminishes  steadily 
from  <^his  point  until  about  the  fifteenth  year,  rises  to 
a  second  maximum  about  the  twenty-fifth  year,  and 
thenceforward  diminishes  again. 

Race. — Coloured  races,  and  especially  negroes, 
have  a  peculiar  susceptibility  to  small-pox.  They 
take  it  more  readily,  and  suffer  a  heavier  case  mor- 
tality, than  white  races,  apart  from  all  question  of 
vaccination. 

The  incubation  period  is  usually  twelve  days,  or 
counting  to  the  appearance  of  the  rash,  fourteen  days, 
so  that  the  rash  is  seen  on  the  fifteenth  day,  on  the 
same  day  of  the  week  that  the  infection  was  acquired. 
There  are,  however,  exceptions  to  this  rule.  Inocu- 
lation of  small-pox  is  followed  by  constitutional 
symptoms  on  the  seventh  or  eighth  day,  and  the 
general  rash  appears  on  the  tenth  or  eleventh.  Even 
after  infection  by  more  ordinary  means  it  is  stated 
that  the  latent  period  may  range  from  seven  to  eighteen 
days;  and  the  rash  is  often  delayed  until  the  fourth 
day  (i.e.  the  third  after  onset)  instead  of  appearing  on 
the  third. 

Infection  is  given  off,  presumably  by  the  breath, 
from  the  earliest  onset.  The  exhalations,  the  vesicles, 
pustules,  and  scabs  are  also  highly  infectious.  The 
virus  may  be  carried  by  air  currents,  as  already  men- 
tioned. It  readily  lodges  in  clothing,  and  retains  its 
vitality  tenaciously ;  hence  outbreaks  are  liable  to 
occur  in  paper- works  and  other  manufactures  in  which 
rags  are  employed.  Isolation  should  be  maintained 
for  at  least  three  weeks  in  the  mildest  case,  and  always 
until  every  scab  has  disappeared — a  process  which,  in 
confluent  cases,  will  take  six  weeks,  and  often  consider- 
ably longer.  After  exposure  to  infection,  a  quarantine 
of  seventeen  days — to  allow  a  margin  over  the  fortnight 
— is  sufficient.  Second  attacks  are  rare,  except  after 
several  years' interval.  Third  attacks  are  not  unknown 
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Diag7iosis. — The  medical  officer  of  health  is  not  unfrequently 
1  consulted  as  to  the  diagnosis  of  vai-iola,  and  it  may  be  desirable 
!  therefore  to  add  here  the  naain  points  to  be  borne  in  mind  as 
I  characteristic  of  the  disease  : — 

Sudden  attacks  of  fever,  headache,  vomiting,  backache  (most 
1  marked  in  the  lumbar  and  sacral  regions)  generally  begin  from 
12  to  14  days  after  infection.  Rigors  are  often  present. 
'  Vomiting  and  retching  are  sometimes  severe.  In  children  (and 
1  even  in  adults  occasionally)  these  initial  symptoms  may  be 
I  obscured  by  drowsiness. 

lliese  iaitial  symptoms  last  two  or  three  days  before  the 
,  chara<;teristiG  rash  appears.  But  in  some  cases  accompanying 
;  these  symptoms  are  various  forms  of  mild  eruptions,  which 
I  may  simulate  measles  or  scarlatina.  Such  eruptions  are  fre- 
i  quently  localised  to  different  parts  of  the  body. 

The  characteristic  eruption  of  small-pox  appears  about  two 
■~  days  after  the  onset  of  the  backache,  fever,  etc.  It  consists  at 
:  first  of  a  number  of  small  red  pimples  or  spots,  which  gradually 
■  enlarge  and  become  hard  and  "  shotty  "  to  the  touch.  After 
;  the}"  have  been  out  for  about  48  hours  they  begin  to  become 
!  small  bladders  or  vesicles,  containing  at  first  clear,  and,  later 
ton,  purulent  matter  (pustules).  They  are  about  the  size  of  a 
f split  pea,  are  surrounded  by  a  thin  red  zone  (or  areola),  are 
t  definitely  raised  above  the  level  of  the  skin,  often  assume  the 
(Colour  of  dull  pearl,  and  in  many  cases  show  a  central  depres- 
s  sion  (umbilication).  About  the  eighth  or  ninth  day  the  pustules 
I  begin  to  dry  up,  so  that  from  the  first  appearance  of  the  rash, 
;  the  successive  stages  of  pimple,  A'esicle,  and  pustule  occupy 
aabout  ten  or  eleven  days.  Simultaneously  with  its  appearance 
( on  the  skin,  the  eruption  appears  on  the  mucous  membrane  of 
t  the  mouth  and  palate. 

In  persons  who  have  been  vaccinated  the  rash  is  somewhat 
rmodified  (varioloid)  and  comes  out  more  rapidly  ;  the  vesicles 
Bare  smaller  and  less  abundant,  not  so  much  depressed  in  the 
ccentrc,  and  may  not  become  pustular. 

An  important  point  is  the  distribution  of  the  rash.  The 
S  first  spots  generally  come  out  on  the  face,  particularly  on  the 
f  forehead  and  around  the  lips.  Almost  immediately  afterwards 
I  they  appear  on  the  limbs,  being  particularly  marked  on  the 
twrists  and  ankles.  Afterwards  the  rash  appears  on  the  back, 
^whilst  the  skin  on  the  front  of  the  chest  is  less  affected  and  the 
Biskin  of  the  abdomen  least.  A  further  point  is  that,  as  a  rule, 
»when  the  rash  comes  out  the  temperature'faUs  and  the  patient 
lifeels  better.  In  rare  instances  the  rash  is  almost  entirely 
sisuppressed,  and  therefore  in  times  of  epidemic  the  appearance 
oof  the  premonitory  symptoms  alone  should  aronso  suspicion. 
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The  three  most  important  aids  to  coiTcct  diagnosis  are — 
the  premonitory  symptoms,  the  character  of  the  rash,  and  the 
distribution  of  the  rash. 

The  precautionaxy  measures  to  be  taken  in  case  of 
an  outbreak  of  small-pox  include  immediate  and  rigid 
isolation,  which  can  only  be  satisfactorily  carried  out 
in  hospital,  especially  when  the  danger  of  aerial  spread 
of  infection  is  considei^ed  ;  thorough  disinfection;  vac- 
cination, or  re-vacchiation  of  all  persons  who  have  been 
exposed  to  risk  of  infection,  however  remotely,  those 
only  being  excepted  who  have  recently  (say  within, 
four  years)  undergone  successful  vaccination,  or  who 
bear  marks  of  recent  small-pox.  No  reliance  can  be 
jolaced  upon  verbal  assurances  as  to  previous  attacks, 
or  even  as  to  vaccination,  and  after  a  time  the  pro- 
tection of  previous  small-pox,  as  well  as  of  vaccin- 
ation, may  vanish. 

The  pathogenic  microbe  of  small-pox  and  vaccinia 
may  possibly  be  a  bacillus  {Klein  and  Copevian). 
It  is  found  most  readily  in  early  lymph,  about  the 
fifth  day,  and  can  be  cutivated  upon  the  hen's  egg, 
though  not  upon  ordinary  media. 

Inoculation  of  small-pox  {variolation),  already  referred  to 
above,  was  generally  practised  in  England  in  the  eighteenth 
century,  having  been  introduced  from  the  East  in  1721  by  Lady 
Mary  Wortley  Montagu.  It  seems  to  have  be.en  customary  to  in- 
oculate from  the  primary  vesicle,  not  from  the  secondarj'  rash. 
Mild  cases  were  selected,  and  the  lymph  was  taken  before 
suppuration  set  in.  The  fatality  {2  or  3  per  cent.),  though 
far  lower  than  that  of  "natural  "  small-pox,  was'by  no  means 
trifling,  and  the  readiness  with  which  the  risk  was  incurred  is 
a  strong  illustration  of  the  magnitude  of  the  danger  to  which 
it  was  the  only  known  alternative.  It  was  superseded  by 
vaccination,  and  was  finally  forbidden  by  law  in  1840. 

Vaccination,  introduced  by  Jenner  in  1796, 
gradually  superseded  inoculation  during  the  earlier  part 
of  the  last  century.  It  was  provided  gratuitously  by 
the  first  Vaccination  Act  of  1840,  made  compulsory  in 
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1854,  and  systematically  enforced  by  paid  vaccination 
officers  from  the  time  of  the  pandemic  in  1871.  Under 
the  Act  of  1898  more  latitude  has  been  allowed  to 
•the  conscientious  objector. 


Death-rates  from  Small-Pox,  per  1,000  living  at  each 

Age-period.* 


All 
Ages. 

0-5. 

5-10. 

10-15. 

15-25. 

25-45. 

Over 
45. 

Vaccination  j 
gratuitous  )■ 
but  op-  1 
tional  .    .  J 

0-305 

1-G17 

0-337 

0-094 

0-109 

0-0G6 

0-022 

1854-1S71. 
Vaccination  \ 
compulsory  1 
but    n  0  t  j 
efficiently  j 
enforced    .  J 

0-223 

0-817 

0-243 

0-0S8 

0-163 

0-131 

0-052 

1S72-18!)1. 
Vaccination  S 
enforced   .  J 

0-089 

0-177 

0-095 

0-054 

0-097 

0-086 

0-038 

This  table  shows  that  each  extension  of  vaccina- 
ttion  was  attended  with  a  reduction  in  the  small-pox 
!  mortality,  in  which,  however,  the  different  ages 
I  by  no  means  shared  equally.  The  reduction  was 
I  greatest  at  the  ages  of  highest  mortality — that  is, 
;  among  children  under  10  years  of  age — while  at 
lages  over  15  the  change  was  comparatively  slight. 
Jin  the  third  period  the  latter  no  longer  included, 
sas  in  former  generations,  a-  large  proportion  pfo- 
itected  by  non-fatal  attacks  of  small-pox  under- 
Lgone  in  early  life,  and  on  .  the  other  hand  the 
protection  due  to  infantile  vaccination  had  had 
time  to  fade.  Moreover,  even  unvaccinated  persons 
ihad,  under  the  new  conditions,  a  better  chance  of 

*  Reg. -Gen.  43rJ  Ann.  Rep. ;  and  Foster,  British  Medical  Journal,  i., 
.  1893,  p.  1069.    The  ages  were  not  abstracted  before  1847. 
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escaping  small-pox  until  adult  lifo.  The  enormous 
reduction  in  mortality  among  young  children  wliose 
vaccination  was  recent  speaks  for  itself,  and  it  must  not 
be  forgotten  that  the  mortality  at  ages  under  5  years  oc- 
cui's  among  the  unvaccinated  residuum,  the  vaccinated 
being  practically  exempt,  as  will  be  seen  presently. 

Another  illustration  of  the  great  change  in  the  age- 
incidence  of  small-pox  has  already  been  given.  At 
Kilmarnock,  from  1728  to  1764,  there  Avere  622  deaths 
from  small-pox,  of  which  563,  or  90  per  cent.,  were  at 
ages  below  5  years.  The  corresponding  proportion 
in  England  from  1871  to  1880  was  30  per  cent. 
Buchanan*  gave  other  instances  in  the  following 
table,  with  an  analysis  of  the  age-incidence  of  small- 
pox mortality  in  London  in  1884  upon  the  vac- 
cinated and  unvaccinated,  separately.,  from  which  it  is 
manifest  that  the  old  conditions  remained  unchanged 
among  the  unvaccinated,  except  that  the  protection 
which  the  i-est  of  the  community  had  acquired  lessened 
the  probability  of  exposure  to  infection : — 


Contribution  of  Vauious  Ages  to  100  Small-Pox  Deaths 

AT  ALL  Ages. 


-1760. 

.  i-t 

»o 

London,  1848-51. 

Loudon,  1884. 

Geneva,  1580- 

Kilmarnock 
1728-1704 

1 

(M 
-+ 

« 

Un- 
vaccinated. 

cS 

5 
> 

WliolG 

Connnunity. 

0-10  years 
10-20  „ 
20-30  „ 
30-40  „ 
Over  40  ,, 

90-1 
2-6 
1-0  . 

j-  03 

98-8 
0-5 
0-7 

39-7 
13-3 
32-9 
11-0 
3-1 

81-5 
5-9 
S-3 
3-2 
1-1 

01-2 
14-0 
10-8 
7-2 
6-2 

8-6 
17-3 
31-9 
22-1 
20-1 

34-3 
17-0 
21-:j 
14-2 
13-2 

100-0 

100-0 

100-0 

100-0 

100-0 

100-0 

100-0 

*  Report  of  the  Medical  Oflicer  to  the  L.G.B.  for  1SS4, 
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An  analysis  of  the  returns  of  the  5,683  small-pox 
deaths  in  London  during  the  ten  years  1879-88,  as 
given  by  the  Registrar-General,  yields  the  following 
results  : — 


Of  1,406 
Ages.  stated  to  be 

Vacillated. 


Per  cent. 
0  to  10  years    ..  8'4 
10  to  20  years   ..         16 -0 
I  Over  20  years   ..         75  "6 


Confirmatory  evidence,  if  any  be  needed,  is  afforded 
Iby  Barry  in  reference  to  the  Sheffield  epidemic  of 
1887-8  :— 

; Sheffield,  1887-8. — Small-Pox  Attacks  and  Deaths  (peii 
1,000  Persons  of  each  Class  stated). 


i 


iO-lO  years  .... 
Ditto,  living  in  invaded ) 
houses    .      .      .      .  )' 
1  Over  10  years 

Ditto,  living  in  invaded ) 
houses    .      .      .      .  I 
jAllages  .... 
Ditto,  living  in  invaded) 
houses    .      .      .      .  I 


From  these  statistics  it  appears  that  the  vaccinated 
Ipart  of  the  population  had,  as  compared  with  the  un- 
tvaccinated,  at  ages  beloiu  10  years,  a,  20-fold  immunity 
fifrom  attack,  and  480-fold  security  against  death  from 
«sniall-pox  j  at  ages  above  10  years,  a  5-fold  immunity 
Krom  attack,  and  51-fold  security  against  death  from 


Of  2,265 
stated  to 

be  Un- 
vacciiiated. 

Of  2,012 
Vaccination 
not  stated. 

Of  til e  total 

5,083,  ir- 
rcsxiective  of 
Vaccination. 

Per  cent. 

Per  cent. 

Per  cent. 

56-0 

35-0 

36-8 

17-2 

14-7 

10-0 

20 -S 

50-3 

47-2 

Attack-rate. 


Death-rate. 


Vaccin- 

Unvac- 

Vaccin- 

Unvac- 

ated. 

ciiiated. 

ated. 

cinated. 

5 

101 

0-1 

44 

78 

809 

1 

381 

19 

94; 

1 

51 

281 

086 

14 

371 

15-5 

97 

0-7 

48 

280 

750 

11 

372 
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small-pox ;  "  all  ages,"  a  G-fold  immunity  from 
attack,  and  a  64-fold  security  against  death  froiu 
small-pox. 

Sheffield  Hospitals,  1887-8.  Proportion  of  mild  {'^varioloid" 
and  "  discrete  ")  and  sevm-e  ("  coherent  "  and  "  cotijluent  ") 
cases  per  100  attacks  among  persons  of  each  class  stated. 
(Barry.) 


Vaccinated. 

Unvaccinated. 

Mild. 

Severe. 

Mild. 

Severe. 

0-10  years  .... 

91-0 

9-0 

21-8 

78-2 

82 -S 

17-2 

18-5 

SIT. 

As  regards  London,  the  proportion  of  small-pox 
deaths  to  deaths  from  all  causes  is  available  as  a  mea- 
sure of  the  prevalence  of  the  disease  before  and  after 
the  introduction  of  vaccination,  which  came  gradually 
into  operation  at  the  beginning  of  the  19th  century. 
From  the  "  bills  of  mortality  "  it  appears  that  during 
the  thirty-one  years  1770-1800  small-pox  caused  59,253 
out  of  the  626,530  deaths  in  London,  or  9-4  per  cent. 
Li  the  thirty-one  years  1801-31  the  proportion  was 
4"6  per  cent.  From  1832  to  1837  no  returns  are 
obtainable  ;  but  for  the  thirty-one  years  1838  to  1868 


Period 

Period 

Mean  Annual  S.inall- 
Pox  Mortality  per  l,UO;i. 

before 
Vaccination. 

after 
Vaccination. 

Locality. 

Before 
Vaccina- 
tion. 

After 
Vaccina- 
tion. 

1777-1806 

1777-1806 

1781-1805 
1774-1801 
1751-1800 

1807-1850 

1807-1850  1 

1810-1850 
1810-1850 
1801-1850 

Lower  Austria 
Upper  Austria 
and  Salzburg 
Berlin 
Sweden 
Copenliagen 

2-  48 

I  1-42 
) 

3-  44 
2-05 
8-13 

0-34 

0-50 

0-18 
0-10 
0-2lt 
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'  he  proportion  Was  1"4  per  cent.  Even  in  1871,  when 
t  he  pandemic  wave  reached  London,  the  deaths  from 
?;mall-pox  were  only  9-8  per  cent,  of  the  total  deaths, 
?i  I  proportion  very  little  in  excess  of  the  average  which 
I  )revailed  between  1770  and  1800. 

The  figures  in  the  table  at  the  foot  of  page  338 
;  a-e  quoted  from  Seaton. 

The  greater  susceptibility  of  the  unvaccinated  to 
■  he  small-pox  virus  is  manifested  not  only  in  a  greater 
Lability  to  attack,  but  in  a  higher  case  mortality. 

The  quality  of  vaccination  also — that  is,  the  num- 
)er,  area,  and  character  of  the  cicatrices — has  an  im- 
5  )ortant  bearing  upon  the  degree  and  permanence  of 
"  he  protection  aflForded.  Both  of  these  points  come 
:  'ut  clearly  in  all  large  hospital  statistics,  of  which 
•::he  following  two  examples  will  suffice  : — 

:  'atse  Mortality  in  relation  to  quality  of  vaccination  and  to  age, 
based  upon  an  analysis  o/ 10,403  cases  in  Metropolitan  Small' 
Fox  Hospitals.  (Gayton.) 


Ages. 


Vaccinated. 
Good  Marks. 


Vaccinated. 
Imperfect 
Murks. 


I  0-5 
i  0-10 
k  10--20 
20-40 
>  -ver  40 


Case 

Caoea.   Deaths,  Mott- 
ality* 

51  0  0-0 
267  2  0-7 
1,045  17  1  6 
725    37  5-1 

48     6  12-5 


Cnne 

Casee.      Deaths.  Mort- 
ality. 

182     21  11-0 
714    48  6-7 
1,976    98  5-0 
1,898  258  13-6 
266     51  19-2 


Said  to  be 
Vaccinated. 
No  Marks. 


Case 

Cims.     Dcft'.ln.  Moet. 

•lity. 

128  47  36-7 
325     87  26-8 

419  81  195 

420  140  33-3 
131     44  33-8 


1,295    352  27 


Unvaccinated. 


CasR 

CaaCB.      DetUhs.  Mort- 
ftliiy, 

677    883  56-6 
1,187    668  47'4 
521    160  30-7 
3S2    181  47-4 
79      84    43  0 


2,160    938  43 


IJl  ages  2,085  62 


14,854  455 


u'ase  Mortality  in  relation  to  number  of  vaccine  cicatrices.  (Marson.) 

Case  Mortality 
(per  cent.) 

"  Jnvaccinated  35i 

'■•tated  to  be  vaccinated,  but  without  cicatrices      .       21 1 

i  laving  one  cicatrix  ix. 

Having  two  cicatrices    ......  4-1- 

Having  three  cicatrices  Ij 

I  Laving  four  or  more  cicatrices      ....  |. 
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Re-vaccination  renews  in  all  respects  the  immunity 
given  by  primary  vaccination.  As  regards  entire 
populations,  the  results  of  general,  if  not  universal, 
re- vaccination  are  shown  in  the  following  figures, 
taken  from  the  report  of  the  German  Vaccination 
Commission  of  1884.  After  the  pandemic  of  1870- 
74,  re- vaccination  was  made  compulsory  in  Germany 
only,  and  small-pox  has  never  become  seriously  epidemic 
during  the  years  that  have  since  elapsed  ;  while  in 
other  countries  the  incidence  continued  much  as  in 
the  period  before  1870. 


Small-Pox  Death  Rates. 


Austria. 

Prussia.* 

Berlin.* 

Hamburg.  * 

London. 

Paris. 

Vienna. 

1870 

0-30 

0-175 

0-22 

0-25 

0-30 

5-46 

0-46 

1871 

0-39 

2-432 

6-32 

10-75 

2-42 

0-74 

1872 

1-90 

2-624 

1-38 

0-95 

0-53 

0-06 

0-36 

1873 

3-23 

0-337 

0-11 

0-oos 

0-04 

0-01 

2-28 

1874 

1-78 

0-095 

0-024 

0-005 

0-02 

0-02 

1-35 

1875 

0-58 

0-036 

0-051 

0-000 

0-01 

0-13 

113 

1876- 

0-39 

0-031 

OOlS 

O.OIS 

0-20 

0-20 

1-67 

1877 

0-S3 

0-003 

0-004 

0-012 

0-70 

0-07 

0-84 

1878 

O'Gl 

0-007 

0-007 

0-002 

0-38 

0-04 

0-75 

1879 

0-51 

0-013 

0-007 

0-000 

0-12 

0-45 

0-46 

1880 

0-G4 

0-0-26  { 

0-OOS 

0-000 

0-12 

1-09 

0-73 

1881 

0-83 

0-036 

0-047 

0-022 

0-1)1 

0-49 

1-23 

The  German  Vaccination  Law  was  passed  iu  1874 
compelling  vaccination  and  re-vaccination.  Infants 
must  be  vaccinated  before  the  end  of  the  calendar 
year  following  the  year  of  birth,  and  all  children 
must  be  re-vaccinated  in  their  twelfth  year.  Obedience 
to  this  law  is  enforced  by  fine  or  imprisonment.  So 
completely  is  this  system  worked,  that  there  is  less 
need  for  the  strict  isolation  of  small-pox  than  in 
England.    For  instance,  in  Germany,  the  rare  cases 

*  Italic  figures  arc  Inserted  for  the  years  in  wliich  compulsory  re- 
vaccination  was  in  force. 
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f  sraall-pox  are  placed  in  pavilions  of  general  hospitals, 
ot  in  separate  small-pox  hospitals.  The  population 
f  Germany  is  56  millions,  and  from  1891  to  1902 
iiclusive,  there  were  607  deaths  recorded  as  due  to 
^mall-pox.  The  small-pox  deaths  during  the  same 
leriod  in  England  and  Wales  (population  32  millions) 
A  ere  6,761.  If  the  ratio  had  laeen  the  same  in  Eng- 
;ind  as  in  Germany,  there  would  have  been  only  350 
leaths. 

Barry  shows  that  in  the  SheflSeld  epidemic  the  re- 
V  accinated  had  a  sreat  advantage  over  the  rest.  Of 
^,198  persons  re-vaccinated  prior  to  the  epidemic,  25 
A  cre  attacked  and  1  died,  the  attack-rate  being  there- 
ore  3*0  per  1,000,  and  the  death-rate  0*1.  Among 
i'),233  persons  re-vaccinated  during  1887-8,  2  were 
loubtfully  attacked  and  none  died. 

It  may  be  convenient  to  summarise  the  evidence  as 
jUows  : — 

A.  As  regards  vaccinated  and  nnvaccinated  populations  respec- 
tively.-— (1)  In  pre-vaccination  times  the  heaviest  incidence 
if  small-pox  was  upon  childhood.    (2)  In  the  unvaccinated 

irt  of  the  community  it  is  so  still.    (3)  Among  vaccinated 

rsons  childhood  is  exempt,  and  small-pox  is  only  fatal  in 
;  iter  years,  when  the  protective  influence  of  A^accination  has 
taded.  (4)  In  a  mixed  community  (vaccinated  and  unvacci- 
lated)  both  these  effects  are  apparent,  the  heavier  incidence 

pon  the  unvaccinated  compensating  for  their  scanty  numbers. 

i)  The  immunitj"-  at  early  ages  among  the  vaccinated  may  be 

xtended  indefinitely  by  re-vaccination.  (6)  In  every  epidemic, 
every  community,  and  in  every  year — if  the  numbers  are 

afficiently  large  to  preclude  fallacy — the  unvaccinated  suffer 
more  attacks  in  proportion  to  their  numbers  than  the  vaccinated, 
I  nd  (7)  a  larger  percentage  of  the  attacks  are  fatal.    (8)  Among 

lie  vaccinated  who  suffer  from  small- j)ox  in  later  years,  the 
jiioportion  of  fatal  to  non-fatal  attacks  diminishes  as  the 
number  or  area  of  the  cicatrices  increases. 

B.  As  recjards  entire  poptclations, — (9)  The  introduction  of 
\  accination  has  in  all  cases  been  followed  by  a  lowered  average 
incidence  of  small-pox.  (10)  Each  extension  of  compulsory 
vaccination  has  led  to  a  further  reduction.  (11)  Comi)ulsory 
re-vaccination  has  almost  entirely  suppressed  small-pox. 
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The  vaccine  virus  is  that  of  cow-pox  or  vaccinia,  a 
disease  formerly  prevalent  among  cattle,  but  now 
rarely  met  with.  It  occurs  in  the  form  of  vesicles 
upon  the  teats  and  udder  in  cows.  The  virus  is  in- 
oculable  upon  human  beings  as  well  as  cows,  and  tiiis 
inoculation  constitutes  vaccination.  Goats  also  are 
susceptible.  No  person  is  insusceptible  except  as  tlie 
result  of  previous  vaccination,  or  an  attack  of  small-pox. 

Primary  vaccination  in  the  human  subject  is 
followed  on  the  thir-d  day  by  a  papule,  which  on  the 
fifth  or  sixth  day  is  vesicular.  On  the  eighth  day  the 
vesicle  is  mature ;  it  is  greyish,  elevated,  tense,  locu- 
lated,  and  contains  a  clear  viscid  lymph  which  exudes 
when  the  vesicle  is  pricked.  On  the  ninth  day  in- 
flammatory changes  set  in ;  the  lymph  begins  to  con- 
tain pus,  and  a  reddish  "  areola  "  surrounds  the  vesicle. 
Slight  constitutional  symptoms  are  common  at  this 
stage.  The  vesicle  becomes  a  pustule,  begins  to  dry 
up  about  the  tenth  day,  and  forms  a  dark  scab  about 
the  fourteenth.  The  scab  falls  off  in  the  fourth 
week,  leaving  a  permanent  scar  which  should  be 
depressed  and  pitted. 

Vaccination  may  be  carried  on  from  arm  to  arm 
for  an  indefinite  and  probably  unlimited  number  of 
years  without  having  recourse  to  the  cow  again.  The 
lymph  should  always  be  taken  on  the  eighth  day  (that 
is,  exactly  a  week  after  the  vaccination)  from  normal 
and  unbroken  vesicles.  No  lymph  should  be  collected 
after  a  re-vaccination,  or  from  an  unhealthy  subject, 
or  from  vesicles  showing  any  sign  of  inflammatory 
action.  By  far  the  surest  plan  is  to  vaccinate  directly 
from  the  vesicle,  but  the  lymph  may  be  sealed  in 
capillary  tubes  or  dried  upon  ivory  points,  and  retains 
uiucli  of  its  eflBcacy  for  a  considerable  time. 

Vaccination  by  calf  lymph  is  now  in  use  upon  a 
large  scale,  owing  partly  to  a  popular  suspicion  th.it 
the  current  arm-to-arm   vaccination   is   losing  its 


J 
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f  ower,  but  chiefly  to  the  fear  of  the  virus  of  syphilis 
i  I-  other  malady  being  inoculated  with  the  lymph  from 
\  iseased  human  subjects.  There  appears  to  be  no 
i  ifference  either  in  the  course  of  the  symptoms  or  in 
f-  3sults  between  ordinary  arm- to- arm  vaccination  and 
vaccination  from  the  calf. 

Vaccination  is  protective  against  itself  as  well  as 
2;ainst  small-pox.    Any  number  of  "  insertions  "  may 
e  made  at  the  time  of  vaccination.    Whether  one 
,  osicle  is  produced  or  a  dozen,  the  protection  is  ab- 
jlute  for  the  time  being,  but  all  experience  goes  to 

•  iiow  that  the -duration  of  the  protection  is  limited, 

,  nd  is  directly  proportionate  to  the  number  and  area 
,  :f  cicatrices  produced.  Hence  it  is  desirable  to  vacci- 
:i  ate  in  at  least  four  places,  and  the  total  area  of  the 
c  icatrices  should  not  be  less  than  half  a  square  inch, 
l^he  retui-n  of  the  Metropolitan  Asylums  Board  for 

•  he  small-pox  epidemic  in  London,  1901-2,  respecting 

•  his  point,  is  given  here,  and  a  study  of  it  will  amply 
I  rove  the  claim  made. 


Admissions. 

Deaths. 

Mortality 
per  cent. 

aaccinated  cases — 

r  Half  square  inch  and  up- 
(  wards 

1   One  third  but  less  than  half 

\         square  inch 
;     1  Less  than  one  third  square 

1         inch  .... 
;        Not  recorded  . 

6,163 

835 

860 
87 

379 
131 

162 

33 

7-34 

15-  69 

16-  87 
37-93 

Totals  of  Vaccinated  Class 
:  nknown  and  Doubtful  Class 
nvaccinated  Class  . 

6,945 
436 
2,277 

705 
171 
752 

10-15 
39-22 
33-06 

Grand  Totals 

9,658 

1,628 

16-87 

As  the  protective  influence  of  the  primary  vac- 
lination  fades,  a  time  arrives  when  re-vaccination 
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becomes  possible.  Comparatively  few  persons  are 
insusceptible  to  re-vaccination  after  tlie  lapse  of  ten 
or  twelve  years ;  many  "  take "  readily  within  five 
years,  although  the  primary  cicatrices  may  be  good. 
The  course  of  re-vaccination  in  the  majority  of  persons 
is  different  from  that  of  the  primary  operation,  being 
more  i-apid,  and  often  failing  to  exliibit  some  of  the 
typical  stages.  If,  however,  the  former  protection 
has  entirely  disappeared,  the  course  of  re-vaccination 
may  be  identical  with  that  of  a  primary  vaccination. 

Vaccine  lymph  contains,  among  other  microbes, 
bacilli  which  Copeman  regards  as  pathogenic.  He 
finds,  too,  that  it  is  possible  to  kill  out  the  extraneous 
organisms  by  suitable  admixture  with  glycerine,  leaving 
the  lymph  still  active.  Filtration  renders  it  inert.  The 
virus  is  somewhat  readily  destroyed  by  chemical  disin- 
fectants, but  the  lymph  can  be  kept  in  the  dry  state,  or 
in  sealed  tubes,  for  months  or  even  years,  although  it 
begins  to  lose  some  of  its  activity  from  the  very  first.* 

Jenner  believed  that  vaccinia  was  small-pox  modified  by 
transmission  through  the  cow,  a  form  of  attenuation  very 
similar  to  that  which  we  now  know  to  be  possible  as  regards 
many  other  diseases.  Cow-pox,  formerly  common,  has  become 
rare  among  cattle  coincidently  with  the  reduction  in  human 
small-pox  due  to  vaccination.  The  seat  of  the  eruption  was 
the  teats  and  udders  of  cows,  a  limitation  that  suggests  contact 
with  the  hands  of  milkers  as  a  means  of  inoculation.    It  is 

*  Glycerinated  calf  lymph  is  now  prepared  as  follows  : — A  calf,  agi'd 
three  to  six  months,  is  kept  in  quarantine  for  a  week.  If  then  found  upon 
examination  to  be  quite  healthy,  it  is  removed  to  the  vaccinating  station, 
the  lower  part  of  its  abdomen  antiseptically  cleaned.  The  animal  is 
now  vaccinated  upon  this  sterilised  area  with  glycerinated  calf  lymph. 
After  live  days  the  part  is  again  thoroughly  washed,  and  the  contents  of 
the  vesicles,  which  have  of  course  appeared  in  tlie  interval,  are  removed 
with  a  sterilised  sharp  spoon,  and  transferred  to  a  sterilised  bottle.  This 
is  now  removed  to  the  laboi-atory,  and  the  exact  weight  of  the  material 
ascertainod.  A  calf  thus  vaccinated  will  yield  from  IS  to  24  grams  of 
vaccine  material.  This  is  now  thoroughly  triturated  and  mixed  with  six 
times  its  weight  of  a  sterilised  solution  of  50  per  cent,  chemically  pnre 
glycerine  in  distilled  water.  The  resulting  emulsion  is  aseptically  stored 
in  sealed  tubes  in  a  cool  place.  At  intervals  during  four  weeks  it  is  care- 
fully examined  bacteriologically  until  by  agar  plates  it  is  demonstrably 
free  from  extraneous  organisms,  when  it  is  ready  for  distribution. 
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inicult  to  inoculate  cows  with  small-pox  virus,  but  if  effected, 
u  cinia  seems  to  result.   Hime  has  done  so,  in  the  calf.  Ceely 
•icceeded  twice  in  a  large  number  of  experiments,  Badcock  in 
aly  seven  per  cent,  of  his  attempts,  and  other  experimenters 
ive  failed  entirely.    Voigt  claims  to  have  succeeded  by  the 
vice  of  vaccinating  a  calf  in  one  part  of  its  body,  and  at  the 
ne  time  inoculating  with  small-pox  in  another,  true  vaccine 
sides  appearing  in  both  places.    Chauveau  failed  to  produce 
aocinia  by  inoculating  calves  with  small-pox,  but  papules 
[ipeared  at  the  points  of  insertion,  and  the  contents  of  these 
ipules  inoculated  upon  susceptible  human  subjects  gave  rise, 
i  to  vaccinia  but  to  small-pox.    It  is  possible  that  Chauveau's 
suits  correspond  to  Ceely's  and  Badcock's  failure,  not  to  their 
w  successes,  since  they,  too,  sometimes  obtained  slight  local 
It'ects  which  they  did  not  regard  as  vaccinia  ;  and  the  repro- 
action  of  human  small-pox  by  inoculation  from  the  papules 
lay  have  been  due  simply  to  the  unaltered  small-pox  virus 
hich  he  had  inserted. 

Bouley,  and  also  Ceely,  having  produced  such  papules  by 
loculating  smaU-pox  matter,  afterwards  inoculated  the  same 
r..nimals  with  vaccine  matter,  and  with  success. 

I 

The  incubation  of  vaccinia  being  shorter  than 
hhat  of  small-pox,  it  is  possible  to  modify  or  even  en- 
lirely  prevent  an  attack  of  small-pox  by  vaccination 
performed  some  days  after  infection.  This  is  especially 
hhe  case  with  re-vaccination,  the  incubation  of  which 
5?  often  shorter  than  in  primary  vaccination. 

Successful  vaccination  within  three  days  after  ex- 
oosure  to  infection  will  prevent  the  appearance  of 
symptoms,  and  it  is  probable  that  the  attack  will 
iither  be  arrested  or  modified  by  vaccination  as  late  as 
fee  fifth  or  even  sixth  day.  The  proof  of  this  rests 
Ipon  the  .observation  that  attacks  of  small-pox  may, 
nnd  do,  occur  within  six  days  of  vaccination  in  persons 
+'ho  have  been  many  days  previously  exposed  to 
lofection,  but  the  few  attacks  that  occur  between  six 
rmd  nine  days  after  mccess/wZ  vaccination  are  mild,  and 
Iractically  none  commence  later.  The  usual  incubation 
6f  small-pox,  it  will  be  remembered,  is  twelve  days. 

The  Royal  Commission  on  Vaccination,  1896, 
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concluded  that  tlie  protection  vaccination  affords 
against  sraall-pox  may  be  stated  as  follows : — 

That  it  diminishes  the  liability  to  be  attacked 
by  the  disease.  (2)  That  it  modifies  the  character  of 
the  disease  and  renders  it  less  fatal  and  of  a  less  severe 
type.  (3)  That  the  protection  it  affords  against 
attacks  of  the  disease  is  greatest  during  the  years  im- 
mediately succeeding  the  operation  of  vaccination.  It 
is  impossible  to  tix  with  precision  the  length  of  this 
period  of  highest  protection.  Though  not  in  all  cases 
the  same,  if  a  period  is  to  be  fixed,  it  might,  we  think, 
fairly  be  said  to  cover  in  general  a  'period  of  nine  or 
ten  years.  (4)  That  after  the  lapse  of  the  period  of 
highest  protective  potency,  the  efficacy  of  vaccination 
to  protect  against  attack  I'apidly  diminishes,  but  that 
it  is  still  considerable  in  the  next  quinquennium,  and 
possibly  never  altogether  ceases.  (5)  That  its  power 
to  modify  the  character  of  the  disease  is  also  greatest 
in  the  period  in  which  its  power  to  protect  from  attack 
is  greatest,  but  that  its  power  thus  to  modify  the 
disease  does  not  diminish  as  rapidly  as  its  protective 
influence  against  attacks,  and  its  efficacy  during  the 
later  periods  of  life  to  modify  the  disease  is  still  very 
considerable.  (6)  That  revaccination  restores  the  pro- 
tection which  lapse  of  time  has  diminished,  but  tlie 
evidence  shows  that  this  protection  again  diminishes, 
and  that  to  ensure  the  highest  degi-ee  of  protection 
which  vaccination  can  give  the  operation  should  be  at 
intervals  repeated.  (7)  That  the  beneficial  effects  of 
vaccination  are  most  experienced  by  those,  in  whose 
case  it  has  been  most  thorough.  We  think  it  may 
be  fairly  concluded  that  where  the  vaccine  matter  is 
inserted  in  three  or  four  places  it  is  more  effectual 
than  when  introduced  into  one  or  two  places  only,  and 
that  if  the  vaccination  marks  are  of  an  area  of  half  a 
square  inch  they  indicate  a  better  state  of  protection 
than  if  their  area  be  at  all  considerably  below  this." 
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The  Vaccination  Acts  of  1867,  1871,  and  1874 
have  been  moditied  by  that  of  1898.  In  general,  a 
child  must  be  vaccinated  within  six  months  of  birth. 
The  parent  is  relieved  from  obligation  if  Mdthin  four 
months  after  the  child  is  born  he  satisfies  a  magis- 
trate that  he  conscientiously  believes  that  vaccination 
would  be  prejudicial  to  its  health.*  And  even  in  the 
absence  of  such  an  exemption,  an  order  under  the  1867 
Act  directing  that  a  child  be  vaccinated  cannot  be 
made  upon  any  person  who  has  previously  been  con- 
victed of -non-compliance  with  a  similar  order  relating 
to  the.  same  child.  It  is  the  duty  of  the  public 
vaccinator,  if  the  pai^ent  so  requires,  to  attend  the 
child  at  its  home.  If  a  child  is  not  vaccinated 
within  four  months  of  its  birth,  the  public  vaccinator 
is  to  visit  the  home,  after  giving  at  least  twenty-four 
hours'  notice,  and  offer  to  vaccinate  with  glycerinated 
calf-lymph  or  such  other  lymph  as  the  L.G.B.  may 
provide.  In  either  case,  if  he  finds  that  owing  to 
the  condition  of  the  house,  or  recent  prevalence  of 
infectious  disease  in  the  district,  the  operation  cannot 
safely  be  performed,  he  is  not  to  vaccinate,  but  must 
Ljive  a  certificate  of  postponement,  and  inform  the 
M.O.H.t 

Public  vaccinators  are  to  use  only  glycerinated 
calf-lymph,  or  other  lymph  supplied  by  the  L.G.B. , 
and  must  keep  registers  from  which  the  origin  of  the 
lymph  used  in  each  operation  can  be  identified.  The 
Instructions  require  the  greatest  care  as  to  cleanliness 

*  The  Vaccination  Act,  1907,  provides  for  this  claim  to  be  made  as  a 
statiitoi-y  declaration  by  the  parent  to  the  vaccination  officer. 

t  The  L.G.B.  direct  tliat,  "  e.xcept  so  far  as  any  immediate  danger 
)f  small-pox  may  require,  the  public  vaccinator  must  vaccinate  only 
subjects  who  are  in  good  liealth.  As  regards  infants,  he  must  asceriain 
that  there  is  not  any  febrile  state,  nor  any  irritation  of  the  bowels,  nor  any 
unhealthy  state  of  the  skin,  especially  no  chafing  or  eczema  behind  the  ears 
or  in  the  groin,  or  elsewhere  in  folds  of  skin,  He  must  not,  except  of 
necessity,  vaccinate  in  cases  where  there  has  been  recent  exposure  to  the 
infection  of  diseases  such  as  measles,  scarlatina,  or  diphtheria,  nor  where 

rysipelas  is  prevailing  in  or  about -the  place  of  residence." 

M 
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and  sterilisation  of  instruments  used,  and  aseptic 
precautions  at  all  stages.  "  The  public  vaccinator 
must  aim  at  producing  four  separate  good-sized 
vesicles  or  groups  of  vesicles,  not  less  than  half  an 
inch  from  one  another.  The  total  area  of  vesiculation 
resulting  from  the  vaccination  should  not  be  less  than 
half  a  square  inch." 

The  L.G.B.  niay,  in  the  event  of  serious  risk  of 
outbreak  of  small-pox  or  other  exceptional  circum- 
stances, require  the  Guardians  to  pi'ovide  vaccination 
stations,  and  may  temporarily  and  locally  modify 
the  obligation  upon  the  public  vaccinator  to  visit 
otherwise  than  by  request.  Any  S.A.  maintaining 
a  hospital  for  small-pox  must  keep  a  register  of 
patients,  showing  name,  age,  address,  and  condition 
as  to  vaccination.  The  entries  are  to  be  made  at  the 
time  of  admission,  and  the  register  is  to  be  accessible 
to  the  public. 

A  child  must  be  vaccinated  within  six  months  of 
its  birth  unless  (a)  the  parent  obtains  a  magistrate's 
certificate  of  exemption,  or  (6)  the  child  dies,  or  (c)  is 
attacked  by  small-pox  within  that  period,  or  (c?)  three 
or  more  unsuccessful  attempts  at  vaccination  have 
been  made,*  or  (e)  a  medical  certificate  of  postpone- 
ment (for  not  more  than  two  months  at  a  time)  is 
given  on  the  ground  of  ill-health,  or  of  recent 
prevalence  of  infectious  disease  in  the  district,  or  of 
the  condition  of  the  house  in  which  the  child  resides. 
Certificates  of  successful  vaccination,  or  attack  of 
small-pox,  or  of  insusceptibility  to  vaccination,  or 
postponement  of  vaccination,  can  be  given  by  any 
registei-ed  practitioner. 

E.e-vaccination  is  entirely  optional,  but  persons 
over  twelve  years  of  age  are  re-vaccinated  gratuitously 

*  In  this  eveut  insusceptibility  is  inferred  ;  but  out  of  38,000  primary 
vaccinations  Cory  failed  in  only  one  instance,  and  in  that  one  he  had  no 
opportunity  of  making  a  third  attempt. 
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;  by  the  public  vaccinator,  and  if  there  is  immediate 
j  danger  of  small-pox,  the  age-limit  is  reduced  to  ten 
1  years. 

!  The  administration  of  the  Vaccination  Acts, 
I  subject  to  the  control  of  the  L.G.B.,  is  entrusted  to 
j  ihe  Poor  Law  Guardians,  not  to  the  S.A.  Instruc- 
I  bions  and  blank  forms  of  certificate  are  issued  by  the 
i  -5ub-registrars  to  the  parents  at  the  time  of  registration 
'  ^f  birth. 

Varicella  or  chicken-pox  was  only  clearly  distinguished 
'  ■  'rom  small-pox  in  the  last  century,  but  beyond  a  certain 
superficial  resemblance  there  is  nothing  in  common  between 
he  two  diseases.  Varicella  occurs  as  an  epidemic,  which  not 
infrequently  coincides  with  small-pox  outbreaks,  and  adds  to 
he  difficulty  of  diagnosis  of  mild  cases  of  the  latter.  Persons 
if  all  ages  are  liable  to  attack,  but  children  more  than  adults. 
I  he  mortality  is  practically  nil,  a  fatal  result  being  unknown 
xcept  in  cases  almost  moribund  from  other  causes,  or  in  cases 
>t  varicella  gangrenosa.  Nothing  is  known  of  the  conditions 
hat  determine  the  appearance  of  this  rare  and  malignant  type 
f  varicella  in  individual  cases  during  an  outbreak  of  ordinary 
haracter. 

The  latent  interval  is  very  commonly  a  fortnight.  The 
;  haracteristic  vesicular  eruption,  which  may  be  very  profuse 
ii.nd  widely  distributed,  is  thickest  upon  the  back  and  shoulders. 
IThe  vesicles  are  not  usually  umbilicated,  although  this  is  not 
1,  reliable  point  for  diagnostic  purposes,  and  among  them  are 
oorae  that  are  aptly  compared  to  drops  of  scalding  water  upon 
hhe  skin,  there  being  no  induration  around  them.  At  other 
iimes  varicella  spots  simulate  small-pox  more  closelj'',  but  there 
W-almost  always  a  want  of  uniformity  in  size,  appearance,  and 
btage  of  development.  The  premonitory  symptoms  (vomiting, 
aackache,  anorexia,  etc.)  that  accompany  the  onset  of  small- 
oox  only,  the  distribution  and  appearance  of  the  rash,  the 
c'elation  to  vaccination,  and  the  history  of  exposure  to  one  or 

ther  kind  of  infection  will  seldom  fail  to  make  the  diagnosis 

lear. 

The  infection  of  varicella  is  active  from  the  first  onset,  and 
readily  imparted  by  contact  or  by  means  of  foraites.  The 
lode  in  which  it  is  given  off  is  unknown,  but  the  breath  is  the 
lost  probable.    Attempts  haA'e  been  made  to  inoculate  from 
le  vesicle,  but  without  success.    Second  attacks  are  rare, 
A  quarantine  of  eighteen  days  is  suflQcient  after  exposure  to 
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infection  ;  after  an  attack,  isolation  should  be  kept  up  until  all 
scabs  have  disappeared.  In  times  of  small-pox  epidemic  the 
L.G.B.  or  the  county  council  or  S.A.  may  make  chicken-pox 
temporarily  notifiable  in  order  thereby  to  bring  to  light  cases 
of  small-pox  simulating  varicella. 

Measles  became  clearly  differentiated  from  small- 
pox and  scarlet-fever  in  the  seventeenth  century. 
No  country  or  race  appears  to  be  exempt  from  it, 
and  it  has  no  demonstrated  relation  to  climate.  Some 
dependence  upon  meteorological  conditions  may  be 
inferred  from  the  fact  that  the  colder  months,  even  in 
the  tropics,  are  favourable  to  the  rise  and  spread  of 
measles  epidemics.  In  London  the  seasonal  curve 
of  mortality  shows  two  maxima,  a  principal  one  in 
December  and  a  lesser  one  in  June,  the  minima 
occurring  in  Februaiy  and  September.*  The  influence 
of  age  as  regards  liability  to  attack  has  not  been 
worked  out,  but  the  mortality  from  measles  is 
greatest  in  the  second  year  of  life,  and  rapidly  falls 
in  every  succeeding  year.  Sixty  per  cent,  of  the 
deaths  occur  during  the  first  two  years  of  age,  75 
per  cent,  in  the  first  three,  and  upwards  of  90  per 
cent,  under  five  years.  The  mortality  is  greater 
among  females  at  all  ages  above  five  years,  but 
gi'eater  among  males  up  to  that  point,  so  that  upon 
the  whole  the  female  mortality  is  lower  than  the  male. 

Measles  epidemics  are  occasionally  so  malignant 
in  type  as  to  have  a  case  mortality  of  30  per  cent,  or 
more,  but  in  such  instances  neglect,  improper  treat- 
ment, or  insanitary  conditions  have  been  largely  re- 
sponsible for  the  result.  The  epidemics  now  met  with 
in  Great  Britain,  though  valuable  in  severity  of  type, 
cause  a  case  mortality  that  rarely  exceeds  five  per 
cent.,  and  is  often  not  more  than  one  or  two  per  cent. 

*  The  winter  maximum  vanishes  in  manj'  parts  of  Great  Britain  and  the 
Continent,  particularly  where  the  measles  mortality  is  low,  leaving 
a  simple  curve  with  a  maximum  in  June  and  a  minimum  in  September 
or  October.  {Reg.  Gen.  Ann.  Rept.  for  18S4.  See  also  "  Measles  Epidemic, 
Major  and  Minor,"  Transactions  of  the  Epidemiological  Society,  1892-3.) 
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The  fatal  cases  are  as  a  rule  clue  to  pulmonary 
complications  or  diarrhoea  rather  than  to  the  primary 
lisease  itself,  the  tendency  to  the  one  or  the  other 
omplication  being  often  fairly  constant  throughout 
in  epidemic,  but  apparently  independent  of  season 
Jlirsch).      Unlike  scarlet- fever,  measles  often  dis- 
appears almost  entirely  fi-om  a  district  in  the  interval 
Ijotween  epidemics.    These   intervals,  however,  are 
usually  short,  and  few  towns  in  England  escape  an 
epidemic  for  much  longer  than  two  or  at  most  three 
vears   at   a   time.    Insular   communities   such  as 
I  celand  and  Faroe,  with  little  communication  with  the 
outside  world,  remain  free  for  an  indefinite  number 
>f  years  after  the  subsidence  of  an  epidemic,  until 
infection  is  introduced  afresh.     Occasionally  measles, 
ike  small-pox,    becomes    "pandemic"   and  diffuses 
tself  for  a  brief  period  over  a  large  part  of  the  globe. 

Measles  is  said  to  have  been  inoculated  by  nasal 
nucus  {Bristoioe)  with  an  incubation  of  seven  or  eight 
lays.    It  has  no  known  relation  to  soil.    It  does  not 
ippear  to  be  transmitted  by  drinking-water,  milk,  or 
)ther  food,  or  to  have  any  connection  with  diseases 
)f  lower  animals.    "  Insanitary  conditions  " — notably 
!  )vercrowding,  exposure,  and  want  of  food — diminish 
'jp'eatly  the  chance  of  recovery,  as  was  found  in  the 
outbreak  among  French  troops  in  the  siege  of  Paris, 
when  86  out  of  215  died.    Whether  such  conditions 
i  ncrease  the  liability  to  attack  cannot  be  stated, 
i  lie  virus  appears  to  be  readily  conveyed  by  the  air, 
)vobably  for  considerable  distances,  but  of  this  exact 
iroof  is  wanting.    Measles  has  not  yet  been  isolated 
i])on  the  large  scale,  so  that  the  question  of  the  possi- 
ility  of  aerial  spread  of  infection  from  hospitals  has 
lOt  arisen. 

From  analogy  it  may  be  assumed  that  a  specific 
easles  microbe  exists,  but  none  has  yet  beert  satis- 
ctorily  demonstrated. 


35 8     Hygiene  and  Public  Health.    [Chap.  xiv. 


Infection  is  probably  always  acquired  by  inhala- 
tion. The  incubation  period  is  usually  about  twelve 
days,  and  is  followed  by  the  stage  of  invasion  niarked 
by  pyrexia  and  catarrhal  symptoms  affecting  chiefly  the 
respiratory  tract  and  the  conjunctiva.  The  rash  appears 
on  the  fourth  day  of  illness,  first  on  the  forehead,  then 
becoming  general.  It  consists  of  dusky  pink,  slightly 
elevated  spots,  which  increase  for  two  or  three  days, 
and  then  slowly  fade.  Slight  scurfy  desquamation 
follows.  Infection  is  given  off  •  by  the  breath  and 
mucus  from  the  onset  of  the  first  symptoms,  and 
very  possibly  even  during  the  stage  of  incubation. 
It  is  not  clear  how  long  this  liability  continues,  nor 
whether  the  desquamated  cuticle  is  infectious,  but  the 
usual  rule  is  to  allow  a  quarantine  of  not  less  than 
three  weeks.  An  attack  is  usually  protective  through- 
out life,  and  this  is  probably  the  main  reason  for  the 
comparative  immunity  of  adults,  but  well-authenti- 
cated instances  of  repeated  attacks  in  the  same  person 
are  far  from  infrequent. 

Comparing  measles  with  scarlet-fever,  it  is  at  once 
apparent  that  preventive  measures  are  less  likely  to 
be  successful  against  the  former.  Infection  begins  at 
least  three  days  before  the  characteristic  rash  appears, 
and  hence  isolation  is  not  adopted  at  a  sufficiently 
early  date  to  prevent  the  spread  of  the  disease,  so  far 
as  the  household  is  concerned.  The  long  incubation 
adds  to  the  diflS.culty  of  quarantine. 

Measles  is  still  allowed  to  run ,  its  epidemic 
course  practically  unchecked  by  any  serious  attempt 
at  isolation  or  disinfection,  and  it  is,  therefore,  not 
surprising  to  find  that  it  shows  no  signs  of  sharing 
in  the  reduction  of  mortality  which  is  so  con- 
spicuous in  respect  of  scarlet-fever,  enteric  fever, 
and  small-pox.  It  is  customary  to  close  schools 
during  measles  epidemics,  and  there  may  be  some  ad- 
vantage in  doing  so  in  rural  districts.  {8ee  Chap.  VII.) 
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Whooping:  coiigli,  or  pertussis,  has  been  recog- 
nised in  Europe  for  300  years,  and  has  practically  a 
world-wide  distribution,  although  it  appears  to  be 
>a  the  whole  less  prevalent  and  less  severe  in  hot 
ountries.  In  London  its  average  prevalence  is 
greatest  in  March  and  April,  least  in  September  and 
Jctober,  but  the  seasonal  curve  of  mortality  varies 
greatly  in  different  pai-ts  of  Europe,  and  the  New 
Vork  curve  has  a  second  and  greater  maximum  in 
September. 

By  far  the  greatest  mortality  occurs  in  the  first 
year  of  life.  Of  the  whole  number  of  deaths  from 
[lertussis,  over  40  per  cent,  occur  in  the  first  year, 
nearly  75  per  cent,  under  two  years  of  age,  and  96 
[)er  cent,  under  five  years.  At  every  age  the  mortality 
among  females  is  greater  than  among  males.  There 
ire  no  statistics  sufficient  to  show  the  actual  or  rela- 
Live  incidence  of  attacks  at  different  ages,  but  the  vast 
majority  occur  in  children,  although  age  confers  no- 
omplete  exemption.  Concurrent  epidemics  of  measles 
I  lid  whooping  cough  are  frequent.  Like  measles, 
whooping  cough  is  a  typically  epidemic  disease,  and 
recurs  at  short  but  irregular  intervals  (usually  two 
ar  three  years)  in  outbreaks  that  affect  a  very  large 
[)roportion  of  susceptible  persons.  The  case  mortality 
is  usually  small,  and  probably  seldom  exceeds  5  per 
ent.  The  deaths  are  almost  always  due  to  bron- 
•hitis,  pneumonia,  convulsions,  or  other  complications. 
Measles  and  whooping  cough  together  are,  as  a  rule, 
responsible  for  more  deaths  of  children  than  all  the 
jther  infectious  diseases  put  together. 

Whooping  cough  has  not  been  shown  to  be  trans- 
uissible  by  water,  milk,  or  other  food,  or  to  affect 
ower  animals,  or  to  have  any  relation  with  telluric 
conditions.   It  is  readily  conveyed  by  fomites.  Faulty 
liygienic   conditions  —  especially   overcrowding  and 
exposure — increase  the  danger  to  life,  but  there  is  no 
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proof  that  they  increase  susceptibility.  The  specific 
microbe  has  not  been  isolated,  nor  is  the  disease  know)i 
to  be  inoculable. 

Whooping  congli  is,  in  all  probability,  always, 
acquired  by  inhalation  of  the  virus.  The  incubation 
period  appears  to  be  about  a  fortnight,  but  can  rarely 
be  fixed  definitely  owing  to  the  very  gradual  onset  of 
characteristic  symptoms.  Squire  believed  it  to  be  less 
than  a  week.  After  a  week  or  more  of  apparently 
ordinaiy  nasal  and  bronchial  catarrh,  the  charac- 
teristic paroxysmal  cough  sets  in,  and  continues  for  a 
very  variable  period,  which  is  I'arely  less  than  two 
weeks  and  may  exceed  two  months. 

Whooping  cough  is  certainly  infectious  in  the. 
preliminary  catarrhal  stage,  and  possibly  even  earlier 
than  this.  Isolation  ought  to  be  maintained  until  at 
least  a  week  after  the  spasmodic  cough  has  entirely 
disappeared.  The  infection  is  given  off  in  the  breath 
and  sputa.    Second  attacks,  are  very  rare. 

What  has  been  said  as  to  the  prevention  of  measles 
applies  in  all  respects  to  whooping  cough,  and  with 
even  greater  force.  Owing  to  the  absence  of  rash, 
and  the  insidious  onset  of  symptoms,  the  disease  is 
rarely  detected  until  niany  days  after  it  has  reached 
the  infectious  stage. 

Mumps  (parotitis)  occurs  in  all  parts  of  the  world  in 
brief  but  often  intense  epidemics  which  cause  little  or  no 
mortality.  Cold  and  wet  weather  is  the  most  favourable,  and 
outbreaks  usually  occur  in  the  winter  and  spring,  often  in 
concurrence  with  epidemics  of  measles,,  or  sometimes  scarlet- 
fever.  Mumps  usually  disappears  entirely  from  a  district  at  the  . 
end  of  the  outbreak,  and  there  is  no  appearance  of.  periodicity 
in  its  return,  which  may  be  delaj'ed  for  many  years. 

Nothing  is  known  of  its  etiology  bej'ond  its  extreme  in- 
fqctiousness  by  means  of  the  breath.    Second  attacks  ■  are  ■  v/?ry  ' 
rare.    The  characteristic  symptoms,  including  swelling  of  tho 
parotid  and  snb-maxillary  glands,  set  in  after  an  incubation  of. 
about  three  weeks  (often  19  days),  and  the  disease  runs  its 
CQurs^  in  ab.out;a  fortnigrht  mpre.    Three  weeks  is  sufficient  for 
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j  isolation,  and  four  weeks  for  the  quarantine  of  a  person  who 
I  has  been  exposed  to  infection. 

i  Rotlieln,  epidemic  roseola,  or  German  measles, 
I  occasionally  becomes  epidemic  among  children,  but 
j  causes  very  slight  mortality.  An  outbi-eak  in  the  New 
f  Forest  in  1880  was,  however,  said  to  have  been  at- 
(  tended  with  a  case  mortality  of  3  per  cent.  After 
!  a  latent  period,  often  about  2^  weeks  in  length,  slight 
Lgeneral  symptoms  manifest  themselves  and  are 
[;  followed  immediately,  or  in  a  day  or  two,  by  an 
i- eruption  of  red,  slightly  elevated  spots,  variable  in 

-size  and  often  confluent.    They  appear  first  on  the 

:face  and  fore-arms,  increase  and  become  more  or  less 
ii:general  in  one  or  two  days,  and  disappear  before  the 

tend  of  a  week.  The  symptoms  have  some  resemblance 
itto  those  of  scarlet-fever  and  measles,  especially  the 

i latter.    It  is,  however,  an  entirely  distinct  and  in- 

>  (dependent  disease,  and  not  a  "hybrid,"  as  is  popularly 
.  ssupposed.  The  disease  is  infectious,  but  never  very 
I  aactively  so,  and  isolation  for  a  fortnight  is  sufficient. 
!  llnfection  is  probably  given  ofli"  by  the  breath,  and 
!•  fiacquired  by  inhalation.  Second  attacks  do  not 
'  aap])ear  to  be  common.  Quarantine  should  extend  to 
(  l23  days. 

Scarlet-fever,  or  scarlatina,  has  been  recognised 
iin  Europe  for  at  least  550  years,  and  in  England 
r  lupwards  of  200  years.    It  was  long  confounded  with 

>  I  measles,  and  only  in  the  nineteenth  century  was  it 
,  I  definitely  distinguished  from  diphtheria.  It  is  most 
i  '  widely  diffused  in  Northern  and  "Western  Europe,  and 

iin  North  America,  but  has  failed  to  establish  itself 
:■  ffirmly  in  Africa  or  any  part  of  Asia,  except  Asia 
i  Minor.  Temperate  and  somewhat  humid  climates 
5  sseem  to  be  most  favourable  to  it,  but  the  evidence  upon 
V  tthis  point  is  confticting.  In  England  it  is  morepreva- 
F!  l  lent  in  urban  than  in  rural  areas,  mining  districts  and 
}  "Several  of  the  large  manufacturing  towns  being  most 
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affected  of  all.  It  is  probable  that  the  explanation  of 
this  is  to  be  found  in  the  greater  facilities  for  receiving 
and  transmitting  infection  from  person  to  person. 
Scarlet-fever  has  a  well-marked  relation  to  season. 
In  England  the  mortality  is  at  its  minimum  in  March 
and  April,  and  rises  to  a  maximum  in  October,  subject 
to  irregularities  if  only  small  numbers  or  short  periods 
are  taken.  In  New  York,  however,  the  curve  is 
almost  reversed,  the  minimum  being  in  September 
and  the  maximum  in  April.  The  number  of  attacks 
varies  according  to  season  in  the  same  way  as  the  mor- 
tality, but  the  seasonal  range  is  greater  in  the  attack 
curve;  apparently  the  attacks  in  spring  are,  on  the  aver- 
age, more  severe,  though  fewer,  than  those  in  autumn. 

As  to  the  meteorological  conditions  favourable  to 
the  spread  of  scarlet-fever,  there  is  wide  divergence  of 
opinion.  The  rise  and  fall  of  scarlet-fever  epidemics 
often  cover  a  period  of  years,  and  the  mortality  in  any 
particular  week  or  month  must  not  be  regarded  as 
determined  solely,  or  even  principally,  by  the  meteor- 
ology of  that  brief  season.  It  seems  probable  that 
the  tendency  to  spread  is  increased  by  atmospheric 
humidity  and  absence  of  wind,  but  checked  by  heavy 
rainfall. 

Age* — Children  under  one  year  of  age,  and 
especially  under  three  months,  are  comparatively 
rarely  attacked,  but  the  incidence  rapidly  increases  and 
reaches  its  maximum  in  the  fifth  year  of  life.  After 
that  period  it  declines  steadily  year  by  year.  About 
45  per  cent,  of  the  attacks  occur  at  ages  under  five 
years,  40  per  cent,  between  five  and  ten  years,  and 
11  per  cent,  between  ten  and  fifteen  years.  The 

*  The  number  of  deallis  from  scarlet-fever  increases  from  birth  to  a 
maximum  in  the  third  year  of  life,  and  steadily  declines  afterwards.  90 
per  cent,  of  the  deatlis  occur  at  ages  under  ten  yeiirs,  and  65  per  cent, 
under  five  years.  Further  details  will  be  found  in  a  paper  on  "  Age,  Sex, 
and  Season  in  relation  to  Scarlet  Fever'  in  the  Transactiom  of  tht 
Epidemiological  Society  for  1887-8, 
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verage  severity  of  attack,  measured  by  the  proportion 
>t'  fatal  cases,  is  greatest  in  infancy  or  in  tlie  second 
ear,  and  diminishes  as  age  increases,  but  there  is  an 
pparent  increase  in  the  severity  of  the  (very  few) 
ases  that  occur  in  adults  after  the  15th  or  20th 
ear.  The  lessened  liability  with  increasing  age  is 
greater  than  can  be  accounted  for  either  by  protection 
rtbrded  by  previous  attacks,  or  by  diminished  expo- 
are  to  infection. 

There  is,  therefore,  a  double  gain  in  shielding  a 
■liild  from  infection  during  the  first  few  years  of  his 
ife.  Every  year  of  escape  after  the  fifth  leaves  him 
■ss  and  less  susceptible,  until  finally  he  becomes  al- 
aost  immune ;  and  secondly,  if  he  should  be  attacked, 
■very  year  that  the  attack  is  delayed  reduces  the 

I  anger  to  life,  and  also  the  risk  of  formidable  compil- 
ations that  may  become  chronic  and  disabling  even 
f  not  immediately  fatal. 

Females  are  upon  the  whole  more  liable  than 
nales,  but  the  attacks  are  somewhat  less  fatal,  and 
lence  up  to  ten  years  of  age  the  mortality  is  higher 
imong  males  than  among  females.  At  ages  above  ten 
he  female  deaths  exceed  the  male,  owing,  no  doubt, 
o  the  greater  frequency  of  attack  among  women  who 
lave  the  charge  of  children. 

Scarlet-fever  is  for  the  most  part  an  epidemic  disease, 
ometimes  it  will  disappear  entirely  for  years,  or  "  sporadic  " 
ises  may  occur  without  any  serious  general  prevalence.  In 
ertain  manufacturing  towns,  on  the  contrary,  it  may  be  said 

0  be  endemic,  although  subject  to  frequent  epidemic  outbursts. 

Graves  noted  that  scarlet-fever  was  prevalent  and  malignant 

II  Dublin  from  1801  to  1804 ;  during  the  next  27  years 
pidemics  recurred  at  intervals,  but  the  type  was  always  mild 
ind  the  mortality  slight ;  in  1834  the  disease  reverted  once 
aore  to  the  old  malignant  form,  but  in  the  last  four  decennia 

1  has  been  mild  with  low  mortality.  Several  instances  are  on 
•jcord  in  which  the  type  has  suddenly  changed  during  an 
pidemic  from  mild  to  severe,  or  vice  versa.  In  some  epidemics 
he  case  mortality  is  as  low  as  3  per  cent.,  or  even  less,  while 
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in  others  'it  may  reach  30  per  cent.  As  a  rule  the  cases  are 
more  severe  durin<?  the  early  part  of  an  epidemic,  and  among 
children  more  fatal  in  town  than  in  country,  and  more  fatal  to 
hoys  than  girls. 

No  adequate  explanation  has  heen  offered  of  the  causes  that 
determine  the  rise  and  fall  of  scarlet-fever  eindemics,  and  Btill 
leas  of  the  causes  of  the  variations  in  type.  Seasonal  changes, 
especially  meteorological,  doubtless  have  an  influence,  but  this 
is  superadded  upon  the  true  epidemic  wave.  During  the  inter- 
epidemic  intervtlls  the  proiDortion  of  susceptible  persons  in- 
creases, but  as  regards  ages  above  five  years  the  delay  lessens 
the  susceptibility,  and  it  does  not  appear  that  the  intensity  of 
the  outbreak  bears  any  relation  to  the  length  of  the  previous 
interval. 

The  pathogenic  microbe  of  scarlet-fever,  according 
to  Klein  and  Gordon,  is  a  streptococcus  {streptococcus 
scarlatince  or  conglomeratus),  which  they  have  isolated 
from  the  blood  and  nasal  and  tonsillar  discharge  of 
persons  suffering  fi-om  the  disease.  These  observers 
have  grown  this  streptococcus  in  broth,  gelatine,  agar, 
milk,  and  blood  serum,  in  several  of  which  media  it 
gives  a  characteristic  culture.  It  is  pathogenic  for 
mice  and  rabbits.  Gordon  believes  that  both  S.  pyogenes 
and  S.  scarlatince  play  a  part  in  the  gausation  of 
scarlet-fever,  but  that  S.  scarlatince-  is  the  more  im- 
portant' of  the  two,  and  occupies  a  position  in  the 
bacteriological  kingdom  between  S.  pyogenes  and 
B.  dijohtherioe.  Baginsky,  Sommerfeld,  and  Class 
have  also  isolated  streptococci  wliich  they  believe  to 
be  the  cause  of  scarlet-fever.  They  are  probably  forms 
of  S.  scarlatince.  Klein  further  believes  that  the 
same  organism  was  found  in  cows  suffering  from 
thff  Hendon  disease,  also  in  a  sample  of  condensed 
hiilk  that  apparently  caused  an  outbreak  of  scarlet- 
fever,  and  in  the  blood  of  a  monkey  that,  during 
an  epidemic  of  scarlet-fever  at  Wimbledon,  presented 
symptoms  of  the  disease.  It  is  found  in  the  throat 
secretions  of  patients  in  the  acute  stage,  but  not 
in  the  desquamated  cuticle  or  the  urine,  or  in  the 
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ar  discharge  which  occasionally  affects  convalescents, 
t  has,  however,  been  discovered  in  the  nasal  dis- 
liarges  of  advanced  convalescents,  and  in  the  throat 
•  eretions  long  after  apparently  complete  recovery, 
'his  persistence  may  afford  an  explanation  of  the 
il)scure  "  return  cases  "  of  scarlet-fever.  It  should  not, 
lowever,  be  forgotten  that  a  streptococcus  occurs  in 
he  saliva  of  healthy  persons  [Gordon). 

The  period  of  incubation  is  usually  three  or  four 
ays,  but  it  would  appear  that  in  exceptional  cases 
t  may  be  less  than  twenty-four  hours,  or  as  long  as 
t  ven  days.  Some  authorities  believe  the  usual  incu- 
lation  period  to  be  much  longer,  but  Tonge-Smith's 
xact  observations  upon  cases  which,  owing  to  error 
u  diagnosis,  were  exposed  to  infection  during  transit 

0  hospital  in  an  ambulance,  afford  strong  proof  of 
lie  accuracy  of  the  estimate  given  above. 

The  onset  in  well-marked  cases  is  sudden,  with 
omiting,  rigors,  headache,  pyrexia,  and  sore  throat 
s  prominent  symptoms.  The  red  rash  follows  in 
ibout  24  hours.  It  is  at  first  punctiform,  but 
lecomes  diffuse.  It  is  usually  seen  first  about  the 
leck  and  chest,  but  may  spread  over  the  whole 
'ody.  The  face  usually  remains  clear  of  rash 
hough  it  may  be  flushed,  leaving  a  pale  area 
.round  the  mouth.  The  rash  occurs  most  markedly 
m  points  of  pressure  and  at  flexures.  It  increases 
or  one  or  two  days  and  begins  to  decline  in  two  or 
hree  days  more.  Desquamation  begins  as  soon  as 
lie  rash  disappears,  the  chest  being  the  first  and  the 
lands  and  feet  the  last  parts  to  clear.  True  relapses 
)ccur  in  one  or  two  per  cent,  of  the  cases,  usually 

1  bout  a  month  after  the  onset. 

Infection  is  given  off"  from  the  first  onset 
-rid  for  a  period  that  is  seldom  less  than  five 
^  eeks,  and  not  unfrequently  exceeds  two  months.  It 
las  ])een  the  practice  to  isolate  until  every  trace 
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of  desquamation  has  disappeared  from  the  feet, 
and  still  longer  isolation  may  be  necessary  if  any 
symptoms  remain,  such  as  discharges  from  the 
nose  or  ears,  or  albuminuria.  But  it  is  now  not 
unusual  to  discharge  cases  from  hospital  after  six 
weeks'  detention  if  there  are  no  nasal  or  aural  dis- 
charges, regardless  of  desquamation,  the  later  degrees 
of  which  are  probably  non-infectious. 

The  virus  of  scarlet-fever  retains  its  vitality  for 
long  periods,  possibly  years,  under  favourable  condi- 
tions, and  can  be  lodged  in  crevices,  or  carried  in 
garments,  etc. 

By  far  the  commonest  mode  of  infection  is  from  a 
previous  case,  either  by  contact,  by  proximity,  or  by 
means  of  infected  articles.  Whether  the  \'irus  is 
usually  inhaled  or  swallowed  is  less  certain.  Aerial 
convection  for  short  distances — across  a  room,  for 
example — may  be  assumed,  but  there  is  no  proof  of 
radiation  of  infection  from  scarlet-fever  hospitals. 
Shirley  Murphy  has  shown  that  at  school  ages  notifi- 
cations of  scarlet-fever,  as  of  diphtheria,  are  lessened 
by  holidays.  In  Nottingham  it  was  found  that  far 
fewer  attacks  began  on  Wednesday  than  on  any 
other  day  of  the  week,  owing  presumably  to  lessened 
opportunity  of  infection  on  Saturday  and  Sunday. 

Nothing  is  definitely  known  as  to  any  relation 
between  soil  and  scarlet-fever.  There  is  no  evidence 
that  drinking-water  can  carry  it,  but  milk  certainly 
can,  if  infected  from  a  human  case  of  scarlet-fever, 
and  epidemics  such  as  the  Hendon  outbreak  suggest 
that  the  cow  itself  may  not  improbably  be  a  source 
of  infection. 

It  is  at  least  doubtful  whether  "insanitary  con- 
ditions "  as  to  drainage,  etc. ,  have  even  a  predisposing 
influence  as  regards  this  disease,  but  it  seems  probable 
that  they  may  seriously  affect  the  chances  of  recovery 
and  promote  septic  complication. 
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It  is  often  held  that  puei'peral  women  are  liable 
to  acquire  scarlet-fever  in  a  dangerous  form,  and  that 
under  such  conditions  its  course  may  be  modified 
and  constitute  a  variety  of  puerperal  fever.  In  the 
event  of  infection  under  such  conditions  scarlet-fever 
may  run  a  normal,  and  even  mild,  course. 

Infection  is  given  off  by  the  breath  and  secre- 
tions from  the  nose,  mouth  and  throat ;  and  most 
freely  in  the  earlier  and  acute  stages.  How  far  the 
desquamated  cuticle  is  infective  is  a  matter  of  some 
doubt,  direct  experimental  proof  being  wanting. 

The  preventive  measures  available  are  isolation  and  disin- 
fection. Considerable  difficulty  arises  from  the  long  duration 
of  the  infectious  stage,  covering,  as  it  almost  invariably  does,  a 
period  of  at  least  four  or  five  weeks  after  the  psitient  has 
ceased  to  be  ill.  It  is  practically  impossible,  in  a  working-class 
household,  to  maintain  the  requisite  seclusion,  and  the  com- 
parative freedom  and  better  hygiene  in  hospital  are  conducive 
to  the  patient's  welfare.  Another  source  of  difficulty  is  the 
occurrence  of  slight  cases.  There  may  be  no  noticeable 
symptoms  whatever  beyond  sore  throat,  or  slight  desquamation, 
and  yet  anj'  case,  however  slight,  is  capable  of  spreading  in- 
fection. On  the  other  hand,  the  short,  and  apparently  non- 
infectious, incubation  period,  and  the  early  appearance  and 
distinctive  characters  of  the  rash  and  other  symptoms,  render 
this  disease  much  more  easy  to  deal  with  than  measles  or 
whooping  cough,  if  proper  facilities  are  afforded.  Schools  are 
often  instrumental  in  spreading  infection,  and  it  may  be  neces- 
sary to  close  them  when  epidemic  prevalence  is  threatened. 
Scholars  from  infected  households  should  be  excluded  for  at 
least  six  weeks,  and  only  re-admitted  upon  a  medical  certifi- 
cate, but  a  quarantine  of  a  week  is  sufficient  if  the  persons 
attacked  have  been  removed  to  hospital  and  the  premises  dis- 
infected. Special  care  is  needed  in  guarding  milk  supplies 
from  risk  of  direct  or  indirect  infection  from  a  case  of 
scarlet-fever,  and  there  should  be  no  hesitation  in  stopping  the 
business  if  necessary.  At  the  same  time  it  seems  that  boiling 
the  milk  removes  all  danger. 

Diphtheria. — Although  the  term  "diphtheria" 
was  only  introduced  by  Bretonneau  in  1826,  epidemics 
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of  malignant  sore  throat  destroying  life  by  suffocation, 
attacking  cliildren  ratlier  than  adults,  and  sometimes 
leaving  paralytic  sequehe,  have  been  described  from 
the  earliest  times.  According  to  Hirsch,  there  is  a 
tendency  to  cyclical  epidemic  or  pandemic  waves, 
lasting  often  for  many  years,  and  followed  by  long 
intervals  of  comparative  quiescence.  Although  no 
climate  gives  immunity,  the  tropics  suffer  less .  than 
cold  and  temperate  climates.  During  last  century 
France  was  one  of  the  principal  centres  for  dijjhtheria. 
In  England  localised  epidemics  occurred  in  1815-25, 
after  which  the  country  was  almost  free  from  the 
disease  until  1857,  when  it  appeared  as  part  of  a 
general  prevalence  affecting  almost  the  whole  of 
Europe.  The  mortality  increased  during  the  next 
two  years,  reaching  0'52  per  thousand  living,  in  1859. 
Since  that  time  the  disease  has  held  its  ground  in 
England,  and  at  the  beginning  of  the  last  decade  of 
last  century  showed  a  maximum  prevalence  and 
fatality,  foi-  in  London  in  1893  the  death-rate  was 
0-75  per  1,000,  though  in  the  decennium  1891-1900 
it  was  0*50.  Its  tendency,  therefore,  recently  has  been 
that  of  a  steady  decline  since  1893.  In  England  and 
Wales  in  1906  the  death-rate  from  diphtheria  was 
0'17  and  in  rural  districts  0-16  per  1,000. 

Season.- — The  curve  of  seasonal  prevalence  of  diph- 
theria shows  a  relation  to  cold,  the  maximum  mortality 
being  reached  in  November  or  Decembei',  and  the 
minimum  in  the  summer.  In  New  York  the  cui-ve  is 
similar.  Records  of  epidemic  prevalence  show  the 
same  preference  for  the  cold  months  (winter  and 
spring),  and  many  ai'e  associated  with  cold  and  wet 
weather.  There  are,  however,  many  exceptions,  in 
some  of  which  heat  has  been  regarded  by  local  ob- 
servers as  inducing,  and  cold  as  arresting,  the  epidemic. 
In  Great  Britain  atmospheric  humidity  is  considered 
most  favourable  to  the  prevalence  of  diphtheria,  but 
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i  malignant  epidemics  have  occurred  in  excessively  dry- 
weather  in  California,  and  Newsholme  finds  that  the 

!  relation  between  diphtheria  prevalence  and  years 
1:  or  localities  of  heavy  rainfall  is  inverse  rather  than 
f  ,  direct. 

Diphtheria  occurs  upon  high  and  low  levels,  and 
; :  upon   dry  and   moist    soils ;    but  Kelly  observed 
a  greater  average  prevalence  upon  damp  soils,  and 
this  relation  seems  to  hold  good  in  many  other  parts 
I  of  the  country.     A  special  incidence  of  diphtheria 
1  m  damp  houses  has  often  been  noted. 

Locality. — Diphtheria   was  formerly,   upon  the 
average,   more   prevalent  in  rui^al   than   in  urban 
i  i  districts  ;  but  in  recent  years  it  has  shown  a  marked 
I  tendency  to  establish  itself  in  towns,  particulai-ly 
[^  affecting  young  children.     Longstaff  compared  the 
i-statistics  (1855-1880)    of   the  various  registration 
u  counties  in  respect  of  their  average  density  of  popula- 
i  tion  and  average  mortality  from  diphtheria,  with  the 
[titfollowing  result  : — 


'Mean  Diph- 
theria 
Mortality. 

Dense  districts 
(less  than  1  acre 
per  person). 

M edium  districts 
(1  to  2  acres  per 
person) . 

Sparse  districts 
(over  2  acres  per 
person). 

1855-00 
1801-70 
1871-80 

0-123  per  1,000 

0-163 

0-114 

0-182  per  1,000 
0-164  „ 
0-126 

0-248  per  1,000 

0-223 

0-132 

The  peculiarity  of  the  distribution  of  diphtheria  in 
cregard  to  population  suggests  that  its  causes  "  should 
onot  be  sought  for  pi'imarily  in  any  high  development 
Qof  civilisation,  such  as  sewers,  but  rather  in  some  con- 
Jdition  associated  with  a  more  primitive  form  of  life  " 
({Longstaff).  A  disease  closely  resembling  diphtheria 
iin  many  respects  has  often  been  observed  to  attack 
jcats,  pigeons,  fowls,  and  hoi-ses  during  the  prevalence 
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of  human  diphtheria.  This  coincidence  suggests 
that  some  part  of  the  incidence  upon  rural  dis- 
tricts may  be  due  to  infection  from  lower  animals. 
Some  of  the  symptoms  of  diphtheria  have  been 
produced  in  animals  by  inoculating  them  with 
diphtheritic  material. 

Diphtheria  frequently  occurs  in  a  purely  sporadic 
form,  no  clue  to  any  source  of  infection  being  dis- 
coverable, but  all  cases,  whatever  their  origin,  are 
highly  infectious.  It  may  be  regarded  as  endemic  in 
certain  localities,  sporadic  cases  bridging  over  the 
intervals  between  more  or  less  frequent  epidemics. 

Air. — Several  otherwise  inexplicable  outbreaks  in 
secluded  positions  have  been  attributed  to  transmission 
of  infection  by  w^ind  for  a  distance  of  some  miles. 
There  is  no  a  priori  improbability  in  this  ex- 
planation, but  it  seems  clear  that  no  such  wind-con- 
vection can  occur  in  those  outbreaks  that  remain 
limited  to  certain  streets  or  even  houses  in  urban 
districts. 

Water  has  been  suspected  of  conveying  in- 
fection, but  no  complete  demonstration  has  been 
made  out. 

Milk,  on  the  contrary,  has  been  abundantly  proved 
to  convey  the  diphtheria  poison  {see  p.  133).  Many 
extensive  outbreaks  have  been  traced  to  this  agency, 
and  careful  inquiry  has  brought  to  light  a  close 
relation  in  such  cases  between  the  quantity  of  milk 
consumed  and  the  danger  of  attack.  The  milk  may 
become  infected  by  some  person  suffering  from  a 
slight  attack  of  diphtheria,  but  we  have  now  to  bear 
in  mind  the  possible  occurrence  of  bovine  diphtheria, 
and  of  infection  from  the  cow  itself. 

Drainage  effluvia. — Diphtheria  is  more  severe  and 
more  prevalent  among  persons  exposed  to  foul  gases 
from  sewers  or  drains.  The  relation  is,  however,  by 
no  means  direct.    Houses  with  the  worst  forms  of 
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I  drainage  defects  may  remain  free  from  diphtheria  for 
indefinite  pei-iods,  and  many  cases  of  diphtheria  occur 
in  premises  in  which  no  defect  can  be  found.  The 

j  same  may  be  said  of  other  insanitary  conditions, 
notably  dampness  of  house,  accumulations  of  manure 
and  other  filth  in  proximity  to  houses.  All  these 
ought  probably  to  be  regarded  as  predisposing  causes 
only. 

Age  and  sex. — The  mortality  is  greater  among 
I  females  than  among  males  at  all  ages  between  three 
(  and  forty-five  years,  and  hence  at  all  ages  taken 
t  together.    In  both  sexes  the  mortality  increases  from 
ji  infancy  to  a  maximum  in  the  fourth  year  of  life,  and 
declines  steadily  thereafter,  but  there  is  a  somewhat 
greater  mortality  (in  proportion  to  the  comparatively 
i   scanty  surviving  population)  after  the  fiftieth  year. 
Of  the  whole  number  of  deaths  ascribed  to  diphtheria, 
53  per  cent,  occur  at  ages  under  five  years,  and  82 
[   per  cent,  under  ten  years. 

!        Incubation. — "  The  most  common  period  of  in- 
i   cubation  in  diphtheria  is  from  two  to  three  days  : 
i   less  frequently  the  period  is  diminished  to  24  hours 
i    or  extended  to  four  days  ;  and  the  limit  between  an 
I.   almost  immediate  operation  of  the  infection  and  a 
I   delay  of  six  or  seven  days  practically  covers  the  period 
j   of  incubation  for   preventive    purposes  "  {Thome 
i    Thome).  The  early  symptoms  are  often  insidious,  but 
i   as  a  rule  the  membrane  is  visible  within  a  day  or  two 
;   of  the  onset,  if  not  at  first.    In  non- fatal  cases  the 
i   disease  usually  runs  its  course  in  two  or  three  weeks, 
j   The  case  mortality  vai'ies  greatly  in  difierent  epi- 
!    demies,  and  there  is  little  constancy  even  in  the  same 
epidemic.     It  is  usually  high  in  well-marked  out- 
breaks :    in  pre-antitoxin  days  it   was  frequently 
'    30  per  cent.,  or  more.    It  is  now  generally  between 
10  and  20.    The  protection  conferred  by  an  attack 
of  diphtheria  does  not  appear  to  be  very  great. 
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Gresswell  raised  an  important  question  in  regard  to  those 
persons  who  have  suffered  from  diphtheria  in  former  yeai\s,  and 
in  whom  acute  inflammation  of  the  tonsils  is  set  up  by  changt^ 
of  weather  or  trilling  exposure.  He  observed  that  among 
those  associated  with  them  at  such  times,  diphtheria  is  apt  to 
occur  without  discoverable  cause ;  and  suggested  that  the 
chronic  morbid  condition  may  really  be  a  latent  form  of 
diphtheria,  the  occasional  recrudescence  of  which  becomes  the 
startinii-point  for  the  spread  of  infection. 

Slight  cases,  in  which  the  symptoms  are  scarcely  recognih- 
able,  are  extremely  difficult  of  diagnosis.  During  prevalenci- 
of  diphtheria  any  sore  throat  should  be  regarded  with 
suspicion,  even  if  no  membrane  is  visible  and  the  constitu- 
tional symptoms  are  wanting.  There  is  no  necessary  relation 
between  the  severity  of  attack  in  two  cases  of  which  one  is 
infected  from  the  other;  the  slightest  case  may  impart  fatal 
infection.  In  doubtful  cases,  where  no  membrane  can  be 
found,  some  assistance  maj'^  be  given  by  the  knowledge  of  thi 
existence  of  other  cases  of  diphtheria,  and  paralytic  sequehi' 
may  ultimately  clear  up  an  obscure  diagnosis.  The  breath 
and  sputa  are  infectious  from  the  first.  Clothing,  furniture, 
and  even  walls  and  floors,  may  retain  the  vii-us  tenaciously. 

Schools  afford,  as  Powei'  observed  in  1876,  a 
favourable  ground  for  the  spread  of  diphtheria. 
There  children  at  the  most  susceptible  ages  are 
brought  together  for  some  hours  daily  in  close 
contact,  often  in  a  moist  and  impure  atmosphere, 
with  scanty  ventilation ;  not  unf  requently  such 
children  use  the  same  articles,  towels,  slates,  pencils, 
etc.,  and  are  brought  into  intimate  contact  with  each 
other.  Shirley  Murphy  has  pointed  out  that  a 
marked  increase  in  the  number  of  cases  of  diphtheria 
in  children  of  school  age  followed,  on  compulsory 
elementary  education,  and  that  corresponding  with 
school  holidays  there  is  a  temporary  reduction  in  the 
number  of  notified  diphtheria  attacks  at  school  ages. 
Nor  is  the  danger  limited  to  the  mere  spread  of 
infection,  for,  as  Thorne  Thorne  showed,  a  pro- 
gressive development  of  virulence  and  infectiousness  is 
brought  about  by  the  aggregation  of  slight  (possibly 
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unrecognisable)  cases  among  susceptible  children  at 
school.  Many  instances  are  recorded,  especially  in  dis- 
tricts where  throat  affections  are  more  or  less  endemic, 
commencing  with  the  appearance  of  cases  of  sore  throat, 
followed  presently  by  cases  of  diphtheria,  which  increase 
in  numbei's  and  severity.  •  The  epidemic  is  usually 
arrested  by  closure  of  the  school,  often  only  to  break 
out  again,  with  renewed  virulence,  as  soon  as  the 
school  is  reopened. 

Among  preventive  measures,  the  first  are  isolation 
and  disinfection.  Doubtful  cases  should  be  secluded 
and  no  children  from  infected  households  should  be 
allowed  to  attend  school.  Supervision  of  "  contacts  " 
should  be  kept  for  a  fortnight,  and  if  necessary  pro- 
]jhylactic  inoculation  of  antitoxin  should  be  under- 
taken (500  units).  Closure  of  schools  is  advisable  if 
many  cases  have  occurred  among  the  scholars,  or  if 
diphtheria  is  prevalent  in  the  district,  and  especially 
if  the  school  is  the  means  of  bringing  children  fi-om 
infected  villasfes  into  contact  with  others.  Milk 
supplies  that  are  found  to  be  implicated  in  tlie  spread 
of  infection  must  be  stopped  at  once,  and  most  rigid 
precautions  should  be  taken  in  regard  to  households 
connected  with  the  milk  trade.  Lastly,  insanitary 
conditions  should  be  sought  for  and  remedied. 

Bacteriology .  —  It  is  now  generally  held  that 
diphtheria  is  caused  by  a  bacillus  discovered  by 
Klebs  in  1883  and  isolated  by  Loffler  in  the  following 
year.  It  is  a  slender  rod,  straight  or  slightly  curved, 
and  beaded  ;  there  are  also  irregular  and  club-shaped 
forms.  It  differs  in  size  according  to  its  culture 
medium,  but  is  generally  3  or  4  /x  in  length.  Cobbett 
and  Graham-Smith  recognise  five  morphological  types 
of  diphtheria  bacilli  on  young  serum  cultures : — 
{Y)  Oval  bacilli,  with  an  unstained  septum  ;  (2)  long, 
faintly-stained,  irregularly-beaded  bacilli;  (3)  long, 
regularly-beaded     bacilli — "streptococcal"  forms; 
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(4)  segmented  bacilli ;  and  (5)  uniformly-stained 
bacilli.  All  these  forms  are  longer  than  the  pseudo- 
diphtheria  bacilli,  more  curved,  and  generally  with 
clubbed  ends.  In  the  membrane  which  is  its  strictly 
local  habitat  in  the  body — indeed,  with  the  exception 
of  the  secretions  of  the  pharynx  and  larynx,  and 
occasionally  in  lymph-glands  and  the  spleen,  the 
bacillus  is  found  practically  nowhere  else  in  the  body 
— it  sometimes  shows  pai'allel  grouping,  lies  on  the 
surface  of  the  exudation,  and  is  separated  from  the 
mucous  membrane  by  the  fibrin.  The  bacillus 
possesses  at  least  four  negative  characters  :  it  has 
no  spores,  and  no  power  of  motility ;  it  does  not 
liquefy  gelatine,  nor  does  it  produce  gas  in  cultures. 
It  is  stained  with  Loffler's  methylene  blue,  and  shows 
metachromatic  granules  and  polar  staining.  Its 
favourable  temperature  is  blood-heat,  though  it  will 
grow  at  room  temperature.  It  is  aerobic.  Loffler's 
medium  is  made  by  mixing  three  parts  of  ox-blood 
serum  with  one  part  of  broth  containing  1  per  cent, 
of  glucose,  1  per  cent,  of  peptone,  and  \  per  cent,  of 
common  salt ;  the  whole  is  coagulated.  Upon  this 
medium  the  Klebs-Loffler  bacillus  grows  rapidly 
in  18-20  hours,  producing  scattered  round,  white 
colonies,  becoming  yellowish.  The  bacillus  grows 
well  in  broth,  but  without  producing  either  a  pellicle 
or  turbidity ;  it  can  grow  on  the  ordinary  media, 
though  its  growth  on  potato  is  not  readily  visible  ;  on 
the  white  of  egg  it  flourishes  extremely  well.  In  a 
moist  condition,  apart  from  the  body,  the  bacillus  has 
a  low  degree  of  resistance,  but  when  dry  can  survive 
for  long  periods.  The  bacillus  is  secured  from  the 
throat  by  examination  of  a  piece  of  the  membrane  or 
by  a  swab.  Three  examinations  should  be  made 
before  concluding  that  the  throat  is  clear.  About 
20  per  cent,  of  all  cases  of  diphtheria  offer  no  bac- 
teriological evidence  of  infection.    The  bacillus  may 

I 


I  Chap.  XIV.]  Diphtheria.  375 

i  ?xist  in  the  throat  of  infected  persons  for  long  periods, 
j  'ven  several  months,  causing  such  persons,  though 
j.  Apparently  healthy,  to  be  infectious.    It  may  also  be 
^present   in   the  throats  of  persons  who  have  not 
-suffered  from  the  disease — "carriers" — and  this  fact 
•  ioubtless  furnishes  the  explanation  of  some  sporadic 
3ases  and  obscure  outbreaks. 

A  pseuclo-dijyhtheria  bacillus  described  by  Hof- 
'  nann  has  somewhat  similar  characters  to  the  ti'ue 
itKlebs-Loffler  bacillus,  and  is  frequently  found  in 
nealthy  throats,  especially  in  children  of  the  poorer 
Classes.  It  differs  from  the  true  diphtheria  bacillus 
in  the  following  ways  :  (a)  it  is  thicker  in  the  middle 
|»han  at  the  poles ;  (h)  forms  no  acid  in  glucose  culture 
pedia ;  (c)  does  not  give  Neisser's  reaction ;  (d)  differs 
pi  artificial  culture ;  (e)  does  not  agglutinate  like 
B.  dijjhtherice,  and  (/)  possesses  no  pathogenic  action. 
It  is  probably  innocuous,  but  in  practice  it  is  the 
safest  course  to  look  with  suspicion  upon  any  throat 
laarbouring  pseudo-diphtheria  bacilli.* 

Antitoxin  treatment   of  diphtheria. — Diphtheria 
antitoxin  is  prepared  by  taking  a  month-old  culture 
if  the  Klebs-Loffllei-  bacillus.    This  is  filtered  and 
he  toxin  inoculated  into  the  horse  in  gradually 
ncreasing  doses  until  a  large  degree  of  acquired 

*  There  are  a  number  of  other  bacilli  from  which  the  true  diphtheria 
acillus  must  be  ditl'erentiated.    These  include  the  B.  coryzcB  segmentosus, 
:.  xerosis,  and  a  number  of  "diphtheroid"  bacilli,  and  organisms  from 
asal  and  aural  discharge.    There  are,  as  summarised  by  Gordon,  five 
iiief  characters  by  which  the  true  diphtheria  bacillus  may  be  known  : — 
)  The  macroscopic  and  microscopic  appearance  of  the  growth  on  blood 
'rum  ;  (b)  the  beh;ivioui-  of  ti.e  bacillus  io  Loffler's  blue,  Giam's  stain, 
id  Neisser's  stain  for  granule<  ;  (c)  the  n  action  to  litmus  of  a  cultuie  jn 
Ikaline  broth,  containing  2  per  cent,  of  dextiose  afier  48  hours  at  37°  C.  ; 
')  the  iiatliogeuic  le-t — 1  c.c.  of  brotii  culture,  48  hours'  growth  at  37" 
.,  injected  sulicutan  ously  iipto  200-300  gramme  guinea-pii?,  produces 
■;ith  generally  in  48  hdurf,  whilst  post-viortem  hsemorrhagic  necrosis  and 
ilema  are  found  locally,  the  internal  organs  aie  congested,  ilie  ileural, 
•ricardial,  and  peiitoneal   flni'ls  are  increased,  and    ihe  suprarenal 
i[i8ule>  are  enlarge  i  and  engorged  with  b  ood  ;  (e)  the  virulence  of  the 
rganism  or  iis  toxin  is  completely  neutralised  by  a  sunultaneous  dose  of 
iphtheria  antitoxin.    For  purposes  ol  rapid  diagnosis,  (o)  and  (&)  are 
ually  accepted. 
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tolerance  has  been  produced.  After  injecting,  say, 
500  c.c,  without  ill-effect,  and  the  horse  having  rested 
for  a  few  days,  blood  is  drawn  from  the  jugular  vein 
into  sterilised  flasks,  in  which  it  coagulates.  The 
separated  serum,  which  averages  about  half  the  total 
blood  drawn,  is  filtered,  and  tested  as  to  strength  of 
antitoxin  value,  or  as  it  is  termed,  "standardised," 
by  observation  of  its  power  of  immunising  a  guinea- 
pig  of  certain  weight  against  a  minimum  lethal  dose' 
of  toxin.  It  is  now  ready  for  therapeutic  use,  and 
the  patient  is  injected  subcutaneously  between  the 
crest  of  the  ilium  and  the  last  rib.  Strict  asepsis 
must  be  observed,  and  the  dose  should  be  as  larg3  as 
practicable  (2,000-5,000  units).  Antitoxin  is  now 
very  widely  used  in  the  treatmen":  of  diphtheria,  and 
is  increasingly  used  as  a  prophylactic  in  "contact" 
persons  (300-500  units). 

The  following  summary  of  the  Antitoxin  treatment  oi 
all  forms  of  diphtheria  at  the  hospitals  of  the  Metropolitan 
Asylums  Board,  1895-1906,  compared  with  the  results  obtained 
before  the  adoi^tion  of  that  treatment,  affords  striking  evidence 
of  the  efficacy  of  diphtheria  antitoxin : — 


Cases. 

Deaths. 

Mortality, 
per  cent. 

-  . 

1S90-3  (before  antitoxin) 

7111 

2161 

30-39 

1894  (antitoxin  occasion- 

ally used) 

3042 

902 

29-65 

1S95 

2182 

615 

28-1 

1896 

2764 

717 

25-9 

1897 

4381 

896 

20-4  , 

189S 

5186 

906 

17-5 

1899 

7038 

1082 

15-4 

1900      .       .       .  . 

7271 

936 

129 

1901 

0499 

817 

12-6 

1902 

6015 

714 

11-8 

1903 

4839 

493 

10-1 

1904 

4070 

444 

10-9 

1905 

3734 

335 

90 

190G 

4149 

432 

10-4 
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Its  value  is  particularly  noticeable  among  children. 
ft:mongst  cases  in  the  first  year  of  life  the  rate  has  fallen  from 
Jl-8  to  37-8;  in  the  second  year  from  63-1  to  35'4;  in  the 
ihird  year  from  55-1  to  26-4  ;  in  the  fourth  year  from  48-3  to 
82-9;  and  in  the  fifth  year  from  39  6  to  20-7. 

At  the  Brook  Hospital,  MacCombie  has  kept  records  show- 
ng  the  results  of  the  antitoxin  treatment,  with  special  reference 
ijo  the  day  of  the  disease  on  which  ti  eatment  began  in  order  tp 
ilustrate  the  effect  of  early  administration : — 


Mortality  per  cknt.  in  Cases 

Treated. 

1897 

1808 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

XJases  treated  on  lst  day 

0-0 

0-0 

0-0 

0-0 

0-0 

0;0 

0-0 

0-0 

00 

0-0 

»» 

}» 

2nd 

5-4 

6-0 

3-8 

3  (5 

4-1 

4-6 

4-2 

5-4 

3-4 

3-9 

Sid 

11-5 

14-3 

12-2 

6-7 

14-9 

10-5 

17-6 

10-6 

6-3 

8'7 

»> 

n 

4th 

19-0 

18-1 

20-0 

14-9 

12-4 

19-8 

16-0 

'19-5 

11-0 

18-5 

n 

5th  day 

21-0 

22-5 

20-4 

21-2 

16-6 

19-4 

17-3 

13-1 

is-1 

13-6 

and  after. 

It  is  now  customary  to  discharge  diphtheria 
•atients  from  hospital  only  after  two  consecutive 
lacteriological  examinations  of  the  fauces  have 
noved  negative.  In  the  hospitals  of  the  Metro- 
colitan  Asylums  Board  •  this  results  in  an  average 
sength  of  residence  in  hospital  of  50  days. 

Croup  is  credited  with  an  annual  death-rate  of  between 
and  0-5  per  1,000  living.  There  can  be  no  doubt  that  many 
aeaths  from  diphtheria  and  laryngitis  have  been  attributed  to 
Toup,  and  if,  as  some  authorities  still  maintain,  there  is  a  true 
icroup." — that  is,  a  non-infectious  membranous  laryngitis  due 
tainly  to  wet  and  cold,  and  not  followed  by  paralysis — it  is  of 
las.  frequent  occurrence  than  the  death  returns  would  imply. 

Kie  death-rate  from  croup  is  declining,  and  the  decline  is  pro- 
bly  due  to  improved  diagnosis.    Outbreaks  of  diphtheria  are 
lOmmonly  attended  with  cases  of  so-called  "croup,"  which, 
oon  investigation  prove  to  be  diphtheritic. 
".The  seasonal  curve  of  deaths  attributed  rightly  or  wrongly 
tt-  croup' has  its  maximum  in  the  cold  months  from  December  to 
warchi    It  is  much  later  than  that  of  diphtheria,  and  approxi- 
Biatesmore  closely  to  the  laryngitis  curve;    In  the  distribution. 
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as  regards  age  and  sex  a  further  difference  from  diphtheria  is 
noticeable.  Croup  is  more  fatal  to  males  than  femalps  upon 
the  whole,  the  mortality  among  females  being  lower  up  to 
fifteen  years  of  age.  The  highest  mortality  in  both  sexes 
occurs  in  the  second  year  of  life.  In  all  these  respects  "  croup  " 
is  allied  to  laryngitis  rather  than  diphtheria. 

Erysipelas  occurs  in  all  parts  of  the  world,  but  more 
in  temperate  regions  than  elsewhere  [Hirsch).  In  North 
America  it  has  repeatedly  taken  the  form  of  widespread  and 
malignant  epidemics,  and  in  England  and  elsewhere  virulent 
outbreaks  often  originated  in  former  years  in  hospitals, 
especially  in  surgical  wards,  where  cleanliness,  ventilation,  air- 
space, drainage,  and  other  sanitary  essentials  were  neglected. 
At  the  present  time  outbreaks  of  this  kind  are  rare,  and 
erysipelas  is  chiefly  met  with  in  sporadic  form.  In  its  seasonal 
curve,  and  also  in  its  local  attachments  and  periods  of  recur- 
rence, it  is  closely  allied  with  scarlet-fever  and  diphtheria,  and 
still  more  closely  with  puerperal  fever.  It  attacks  males  more 
than  females,  and  kills  more  in  early  infancy  than  at  any  other 
period  of  life,  although  the  mortality  increases  agnin  after 
twenty-five  years  of  age.  After  inoculation  the  incubation  is 
usually  from  one  to  three  days.  It  is  not  certain  whether  the 
disease  is  ever  acquired  except  through  some  breath  of  con- 
tinuity of  skin  or  mucous  membrane,  but  the  occurrence  of 
so-called  "  idiopathic "  (non-traumatic)  erysipelas  points  to 
this.  The  pathogenic  microbe  is  a  streptococcus,  readily  culti- 
vated, and  reproducing  the  disease  upon  subsequent  inoculation. 

Relapsing:  fever,  "famine  fever,"  or  "bilious 
typhoid,"  was  first  recognised  clearly  in  Ireland  in  the 
eighteenth  century,  and  still  has  its  principal  focus 
there,  although  epidemics  are  not  unfrequent  in  Scot- 
land, and  have  occurred  in  England,  Northern  Europe, 
the  Levant,  India,  and  several  eastern  countries. 
It  occurs  often  in  conjunction  with  typhus  and  is 
apparently  closely  related  to  it  in  etiology.  Epidemics 
of  the  two  diseases  frequently  coincide,  or  one  follows 
the  other  closely,  or  sporadic  cases  of  the  one  are 
observed  during  pi'evalence  of  the  other.  Neither 
climate  nor  weather  has  been  found  to  influence  it  in 
any  marked  degree,  nor  has  it  any  apparent  relation 
to  soil.    Overcrowding  and  want  of  food  are  powerful 
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•redisposing  causes,  especially  the  latter,  which  Miir- 
hison  thought  was  capable  of  originating  the  disease, 
)ut  many  epidemics  have  occurred  without  noteworthy 
)rivation.  The  wealthier  classes  are  almost  exempt, 
.nd  females  are  less  susceptible  than  males.  Under 
avourable  conditions  it  appears  in  districts  that  have 
ong  been  free  from  it,  and- in  many  such  cases  no 
listory  of  imported  infection  can  be  made  out.  It 
las  been  suggested  that  the  specific  agent  may  be 
onveyed  by  parasites,  such  as  pediculi. 

The  disease  is  highly  infectious,  but  aj)pears  to  be 
apable  of  transport  through  the  air  for  short  distances 
)nly,  though  it  readily  attaches  itself  to  fomites.  A 
;pecific  spirillum  was  discovered  by  Obermeier  in  the 
jlood  of  patients  during  the  febrile  stage  only,  and 
nooulation  with  blood  containing  spirilla  has  been 
ound  to  reproduce  the  disease  in  men  and  monkeys, 
[t  is  possible  that  there  is  some  relation  between 
)bermeier's  spirillum  and  the  trypanosomes  recently 
aund  in  sleeping  sickness.    The  protection  afforded  by 
m  attack  is  slight.    Only  about  5  per  cent,  of  the 
jases  terminate  fatally,  but  convalescence  is  slow. 

Typhus  has  only  comparatively  recently  been 
listinguished  from  enteric  fever,  but  the  two  diseases 
ire  widely  different  in  their  etiology  and  epidemiology. 

Typhus  epidemics  have  been  recorded .  in  considerable  num- 
bers for  several  centuries  past,  more  especially  in  times  of  war 
ind  famine,  and  were  common  in  the  seventeenth  ccQturj'  and 
up  to  1815.  The  only  great  epidemic  in  Europe  since  that 
Lime  was  in  1846-7.  Ireland  has  been  from  earliest  times  one 
')f  the  chief  centres  of  the  disease,  Russia  being  another. 
Although  for  the  most  part  limited  to  cold  and  temperate 
climates,  typhus  is  by  no  means  unknown  in  many  hot 
';ountrie8,  but  usually  at  considerable  elevation.  The  dilferent 
habits  of  life,  and  especially  the  abundant  ventilation,  which 
prevail  in  warm  countries  may  help  to  account  for  their  com- 
parative immunity,  but  as  the  effect  of  season  remains  marked, 
there  is  probably  some  further  influence  at  work.  In  former 
times,  epidemics  of  typhus  frequently  reached  England,  appar- 
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ently  by  invasion  from  Ireland ;  but  for  many  years  past 
typhus  has  almost  entirely  disappeared  from  the  southeni  and 
midland  towns  of  En-^land,  although  still  occurring  in  the 
large  towns  of  the  north  and  of  Scotland,  especially  those  con- 
taining a  large  Irish  population.  The  last  general  epidemic  in 
Ireland  -n'as  in  1862-4. 

Cases  of  typhus  are  most  numerous  in  winter  and  spring, 
and  in  warm  countries  epidemics  seldom  occur  at  any  other 
season.  In  countries  in  which  typhus  is  common,  however, 
the  origin  and  course  of  epidemics  are  not  checked  by  either 
extreme  of  temperature. 

Telluric  conditions  are  not  known  to  have  any  influence. 

The  great  predisposing  causes  of  typhus  are  over- 
crowding, want  of  ventilation,  filth,  debility,  and 
privation.  Wars  and  famines  in  former  centuries 
were  frequently  followed  by  outbreaks  of  fever,  among 
which  typhus  was  prominent.  "  Gaol  fever  "  (typhus) 
was  common  in  English  prisons  up  to  the  last  century, 
owing  to  their  filthy  and  overcrowded  state.  Better 
ventilation  of  vessels  has  rendered  "ship  fever"  almost 
unknown,  but  accidental  repetition  of  the  old  condi- 
tions, even  in  recent  years,  has  led  to  fresh  outbreaks 
of  typhus.  Typhus  bi-oke  out  among  the  British 
troops  in  the  Crimea  in  1854-5,  and  among  the  be- 
sieged in  Metz  in  1870.  In  Ireland  the  years  of 
famine  and  distress  have  been  attended  with  typhus. 

It  is  not  clear  that  any  race  or  class  is  especially 
susceptible,  or  the  reverse,  apart  from  the  conditions 
under  which  they  live  ;  but  for  the  reasons  already 
stated,  the  poorest  classes  sufier  by  far  the  most 
from  typhus. 

Age  and  sex. — The  mortality  from  typhus  increases 
from  childhood  to  about  fifty  years  of  age,  and  then 
declines  somewhat.  It  is  greater  among  males,  except, 
perhaps,  in  childhood.  Handford  finds  that  the  sus- 
ceptibility is  greatest  in  the  ten  to  fifteen  years'  age- 
period,  but  that  the  case  mortality,  i.e.  the  proportion 
of  deaths  to  attacks,  is  at  its  minimum  in  this  period, 
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lucl  rapidly  increases  at  later  ages.    Spear  has  called 
ittentionto  the  mildness  of  the  symptoms  in  children, 
wing  to  which  the  initial  attacks  in  an  outbreak  are 
iable  to  escape  diagnosis. 

The  incubation  period  seems  to  be  very  variable, 
md,  according  to  Murchison,  may  be  only  a  few 
lOurs  or  as  long  as  three  weeks  or  more.    It  has  been 
observed  to  be  short  in  certain  cases  after  exposure  to 
he  poison  in  a  concentrated  form.    Perhaps  twelve 
lays  may  be  taken  as  the  most  usual  duration.  The 
ash  appears  within  a  week  after  the  onset,  and,  as  a 
■ale,  on  the  fourth  or  fifth  day.    The  disease  generally 
erminates  in  death  or  convalescence  about  the  end  of 
he  second  week,  and  isolation  may  be  terminated  in 
en  days  or  a  fortnight  more.    The  mortality  averages 
ibout  20  per  cent.,  but  varies  with  the  age,  condi- 
ion,  and  surroundings  of  the  patient,  and  with  the 
pidemic. 

Infection  is  given  off  by  the  breath,  probably  by 
he  exhalations  from  the  skin  and  mucous  mem- 
iranes,  and  possibly  by  the  excreta.  Some  have 
suggested  that  the  disease  is  spread  by  vermin, 
specially  fleas.  Accoi'ding  to  Murchison,  the 
nfectivity  is  more  active  after  the  first  week. 
Che  air  immediately  surrounding  the  patient  ap- 
)ears  to  be  infectious,  but  its  virulence  is  rapidly 
ost  by  diffusion — a  result  that  may  be  attri- 
)uted  to  dilution,  or  desiccation.  The  poison  clings 
oadily  and  strongly  to  clothing  and  other  fomites, 
tut  has  not  been  shown  to  be  conveyed  by  water,  or 
)y  milk  or  other  food.  Doctors  and  nurses  in  typhus 
vvards  rai-ely  escape  for  long  unless  protected  by  a 
irevious  attack.    Second  attacks  are  rare. 

Typhus  is  probably  acquired  by  inhalation  of  the 
^oison,  whether  from  contact  with  the  patient,  breath- 
ng  the  air  in  his  immediate  vicinity,  or  by  the  inter- 
v'entionof  fomites.  The  powerful  predisposing  influence 
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of  overcrowding  and  want  of  ventilation  may  be 
explained  by  the  facilities  which  they  give  for  infection 
and  for  concentration  of  the  poison,  as  well  as  their 
effect  in  rendering  the  individual  more  susceptible. 

No  pathogenic  microbe  is  yet  known,  but  it  may 
safely  be  inferred  from  analogy  that,  without  the 
presence  of  a  specific  poison,  no  intensity  of  the 
favouring  conditions  can  originate  an  outbreak  of 
typhus.  It  i.s,  nevertheless,  true  that  the  disease  often 
makes  its  appearance  suddenly  among  overcrowded 
and  filthy  communities— on  shipboard,  for  example — 
in  instances  where  no  previous  case  can  be  traced. 

Typhus  is  essentially  a  preventible  disease.  Isola- 
tion of  the  patient,  disinfection,  and  quarantine  of 
persons  exposed  to  infection  will  rarely  fail  to  arrest 
•a  localised  outbreak.     Cleanliness  and  ventilation  are 
auxiliaries  of  the  first  importance. 

Enteric  or  typhoid  fever  was  differentiated  from 
typhus  in  1850  by  Jenner.  It  is  a  disease  of 
practically  world-wide  distribution,  but  is  less 
prevalent  in  tropical  regions  than  elsewhere.  In 
England  it  is  decreasing  in  preA^alence,  and  now 
contributes  not  more  than  0*1  to  the  average 
general  death-rate.  For  instance,  the  death-rate 
from  this  disease  in  1906  in  England  and  Wales 
was  0*09,  which  shows  a  marked  decline  on  previous 
years.  In  1871-80  it  was  0"32,  in  the  decade 
following  0-19,  and  in  1891-1900,  0-17.  In  London 
in  1906  it  was  0-06. 

Season. — In  England  the  greatest  prevalence  oc- 
curs in  October,  and  the  minimum  in  May  or  June. 
The  autumnal  maximum  is  very  general,  but  the 
exact  position  of  the  summit  of  the  curve  varies 
in  different  countries ;  in  New  York  it  occurs  in 
September. 

Weather. — High  or  low  temperature  of  the  air  has 
in  itself  no  clear  relation  to  enterix;  prevalence,  nor 
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lias  the  rainfall,  but  instances  are  recorded  in  wliich 
lot  and  dry  summers  were  followed  by  high  mortality 
'  ■'vom  the  disease,  upon  the  occurrence  of  rain,  and  the 
|.!  'e verse  after  cold  and  wet  summers.    It  is  probable, 
n  view  of  the  frequent  relations  between  telluric 
I  jonditions  and  enteric  fever,  that  meteorological  con- 
/ditions  act  mainly  by  modifying  the  temperature  and 
J  noisture  of  the  soil,  and  that  rainfall  may  either 
i  ncrease   or  diminish  the  chances  of  an  outbreak 
;iccording  to  the  previous  condition  of  the  ground. 

Soil. — Pollution  of  the  earth  by  animal  matter, 
\  -'Specially  if  excrementitious  in  origin,  is  conducive  to 
k  he  endemic  or  epidemic  prevalence  of  enteric  fever. 
1  ^'ettenkof er  and  Buhl  have  traced  a  connection  be- 
:  ween  the  movements  of  the  ground  water  and  the 
•  'ccurrence  of  enteric  fever  sickness  and  mortality  in 
i^vlunich,  which  has  been  confirmed  bv  further  ob- 
|;rervation  in  Berlin  and  other  parts  of  Germany,  and 
!<  Isewhere.     "The  total  of  the  cases  of  sickness  and 
|i  eath  from  typhoid  falls  with  the  rise  of  the  subsoil 
pvater,  and  rises  with  the  fall  of  it ;  .    .    .   the  level 
jteached  by  the  disease  is  not  in  proportion,  however, 
I  -)  the  then  level  of  the  subsoil  water,  but  only  to  the 
!  j\  ariation  in  it  on  each  occasion  ;  or,  in  other  words, 
i- ,  is  not  the  high  or  low  level  of  the  subsoil  water  that 
i^  i  decisive,  but  only  the  range  of  fluctuation  "  {Hirscli). 
\i  'his  relation  is  so  constant  as  to  leave  no  room  for 
ii'  oubt  as  to  its  reality  and  significance  in  the  localities 
ill!  question,  but  it  does  not  appear  to  hold  good 
Uni  England,  and  Fodor  has.  found  exactly  the  reverse 
I    Pesth.    In   many  places    where   enteric  fever 
3curs,  the  subsoil  water  is  so  deep  and  its  movement 
'^•)  trifling  that  there  is  little  probability  of  its  pro- 
icing  any  material  effect.    In  Munich  the  soil  is 
Drous,  the  ground-water  high,  and,  until  recently, 
aking  cesspools  are  said  to  have  been  universal.  As 
uchanan  has  pointed  out,  the  purity  of  water  in 
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Avells  is  liable  to  be  affected  by  changes  in  the  level 
of  the  ground-water,  and  the  readiness  with  wliich 
enteric  fever  is  spread  by  means  of  specifically  polluted 
water  must  not  be  lost  sight  of. 

Air  does  not  appear  to  carry  the  poison  of  enteric 
fever  under  ordinary  conditions  even  for  the  shortest 
distances,  and  the  chances  of  infection  by  mere 
proximity  to  a  patient  are  slight,  though  occasionally 
instances  suggestive  of  this  are  met  with.  Infection 
from  the  sick  to  the  healthy  by  direct  or  indirect 
contact  is,  of  course,  one  of  the  commonest  means  of 
spreading  the  disease  ;  water  and  milk  being  others. 

Water. — While  water  polluted  even  with  excre- 
mental  filth  has  often  been  drunk  for  years  by 
numbers  of  people  with  perfect  impunity  so  far 
as  the  appearance  of  enteric  fever  is  concerned, 
contamination  with  the  excreta  of  a  case  of  enteric 
fever  has  over  and  over  again  been  foun4  to  result 
in  widespread  outbreaks  of  the  disease,  the  ia- 
cidence  of  which  in  such  instances  exactly  follows 
the  distribution  of  the  water,  and  affects  only  those 
.persons  who  drink  it.  Such  outbreaks  rise  suddenly 
to  considerable  proportions,  but  decline  gradually. 
Corfield  collected  particulars  of  more  than  50  water- 
borne  epidemics  of  typhoid  between  1864  and  1902. 
Some  have  arisen  from  specific  pollution  of  shallow 
wells,  as  at  Guildford  in  1867,  in  the  Uxbridge 
Rural  District  in  1882,  at  Hitchin  in  1883,  at 
Beverley  in  1 884,  etc. ;  others  from  the  poUutlon 
of  deep  wells.  Thus  an  outbreak  of  enteric  fever 
at  Redhill  and  Caterham  in  1879  was  traced  by 
Thorne  Thorne  to  pollution  of  one  of  the  well-adits  at 
the  Caterham  Waterworks  by  the  excreta  of  a  work- 
man suffering  from  a  mild  attack  of  enteric  fe^er, 
the  organic  impurity  of  the  water,  as  shown  by 
analysis,  being  extremely  small.  Another  case  of 
infection  of  a  deep  well  was  at  Hougliton-le-Spring,  in 
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Durhani,  in  1889.  The  large  outbreak  at  Worthing 
u  1893  (1,315  cases)  was  due  to  the  consumption  of. 
N\ater  from  a  new  heading,  wliich  was  contaminated 
iiy  sewage.  The  water-borne  poison  is  not  depen- 
lent  upon  the  organic  matter  in  the  water,  but  upon 
he  specific  pollution,  which  need  not  necessarily  be 
.arge  in  quantity. 

Innumerable  other   instances  are  on  record  in 
Aliich  direct  and  obvious  excretal  contamination  of 
Aells,  springs,  streams,  cisterns,  reservoirs  or  water- 
nains  has  been  followed  by  enteric  outbreaks  upon  a 
irge  or  small  scale,  according   to   the  nvimber  of 
lorsons  drinking  the  water.    As  illustrations  may  be 
iientioned  the  outbreaks  at  Caius  College,  Cambridge, 
u  1873,  at  King's  Lynn  and  Maidstone  in  1897, 
md  at  Lincoln  in  1905.    Buchanan  found  that  in 
he  case  of  Caius  College,  the  water  in  the  main  at 
Tree  Court,  which  was  chiefly   affected,  was  con- 
aminated  by  suction  into  it,  during  the  periods  of 
ntermission  of  supply,  of  foul  air  from  a  soil  pipe, 
lirough  a  "  weeping  pipe"  which  supplied  the  trap 
<\\  the  waste-pipe  of  the  safe-tray  of  a  water-closet, 
lie  trap  being  liable  to  siphonage.    The  King's  Lynn 
)atbreaks  (1892  and  1897)  were  traced  to  pollution 
f  the  sources  of  the  water  supply,  namely,  the  river 
iaywood,  with  typhoid  excreta,  and  the  same  apj)iies 
o  the  great  outbreak  at  Maidstone  (1,847  cases)  in 
1897,  which  was  believed  to  have  been  caused  by 
)ollution  of  the  springs  by  excremental  matter  from 
colony  of  hop-pickers.     In  both  these  cases  the 
titration  of  the  water  as  delivered  was  inefficient. 
The  outbreak  at  Lincoln  in  1905  included  some  900 
•ases,  and  commenced  towards  the  end  of  January. 
Che  river  Witham  and  its  tributaries,  from  which 
he  supply  was  taken,  were  polluted  "by  drainage 
10m    land     highly    cultivated,    and  occasionally 
nanured  with  night  soil."    The   effluent   from  a 
N 
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sewage  farm  discharged  into  the  river  above  the 
intake.  In  the  autumn  of  1904,  and  in  January, 
1905,  there  vi^ere  a  number  of  cases  of  enteric  fever 
in  Lincoln,  and,  tlierefore,  ojjportunity  for  the 
typhoid  virus  to  gain  access  to  the  water  supply, 
which,  owing  to  increased  acceleration  due  to  heavy 
demands,  was  not  effectually  filtered  in  the  filter-beds. 
The  result  was  a  water-borne  outbreak  of  enteric  fever, 
chiefly  affecting  households  which  did  not  boil 
their  drinking  water.  Many  confirmatory  observations 
have  been  made  of  places  in  which  enteric  fever,  once 
endemic,  has  become  rare  coincidently  with  the 
substitution  of  a  pure  for  an  impure  water  supply. 
Thus  at  Millbank  Prison,  artesian  well  water  was 
substituted  for  Thames  water  in  1854^  and  the 
previous  endemic  prevalence  of  enteric  fever  dis- 
appeared. 

In  several  of  the  cases  mentioned  above,  the  proof 
of  specific  pollution  was  incomplete,  and  it  has 
been  held  that  sewage-polluted  water  may  acquire 
the  property  of  causing  entei-ic  fever  in  those  who 
drink  it,  without  the  access  of  enteric  excreta.  Even 
in  country  districts,  whei'e  the  movements,  identity,  and 
health  of  every  person  coming  into  the  locality  arc 
easily  traced,  it  has  often  been  found  impossible  to 
obtain  evidence  of  specific  pollution  of  water  that  was 
nevertheless  instrumental  in  spreading  enteric  fever. 
On  the  other  hand,  it  is  clear  that  something  beyond 
simple  excremental  pollution  is  necessary  to  account 
for  the  sudden  acquisition  of  morbific  properties  in  a 
water  that  has  long  been  polluted ;  and,  moreover, 
attacks  of  enteric  fever  may  be  so  mild  as  to  escape 
recognition,  nor  is  it  safe  to  disregard  the  possibility 
that  the  specific  poison  may  gain  access  in  ways  as 
yet  imsuspected. 

Shirley  Murphy  has  found  distinct  increase  in 
notified  enteric  attacks  in  London  following  floods 
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ibove  the  water-intakes,  and  he  has  further  pointed 
•at  tliat  disease  carried  by  water  or  milk  may  affect 

0  few  persons,  or  be  in  so  mild  a  form,  as  to  escape 
(^cognition. 

It  is  necessary  to  remember  that  the  urine  of  the 
latient  as  well  as  the  bowel  discharges  may  contain 
he  infective  bacillus.     Horton  Smith  has  shown  that 

1  he  urine  is  infective  in  one  in  four  cases,  and  most' 
frequently  towards  the  end  of  the  disease  and  during 
convalescence.  In  one  recorded  case  the  typhoid 
bacillus  was  found  in  the  urine  eight  months  after 
convalescence.  Other  observers  have  found  bacilluria 
)f  this  kind  present  in  between  1 0  and  30  per  cent, 
of  the  cases  examined. 

Food. — -Milk  was  first  recognised  as  a  medium 
for  the  dissemination  of  enteric  fever  in  1857. 
-Many  instances  have  since  been  recorded,  in  England 
and  other  countries,  the  infection  being  sometimes 
traced  to  the  use  of  polluted  water  for  washing  the 
cans  or  diluting  the  milk,  sometimes  to  the  milk 
being  infected  moi"e  or  less  directly  by  a  person 
suffering  from  enteric  fever  (see  page  132).  Oysters 
iiave  on  many  occasions  recently  been  suspected  of 
conveying  the  infection  of  enteric  fever.  In  1894 
Newsholme  rejiorted  a  number  of  such  cases,  and 
in  the  same  year  an  outbreak  of  the  disease 
occurred  at  a  college  in  Connecticut,  traced  to 
oysters.  In  this  country,  between  1894  and  1902, 
increasing  evidence  was  forthcoming  in  confirmation 
)f  this  channel  of  infection,  and  in  the  latter  year 
occurred  the  well-known  outbreaks  at  Winchester  and 
Southampton,  traced  to  the  consumption  of  polluted 
oysters  at  mayoral  banquets  ( Bulstrode).  It  is  now 
well  understood  that  oysters  fattened  on  sewage  con- 
Laminated  beds  may  cause  disease  in  persons  eating 
them  (see  page  120).  Fz-ied  fish  {Hamer),  ice-cream, 
watercress,  and  other  foods  have  also  carried  enteric 
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infection.  Wlien  tlic  disease  is  tlius  contracted  it  i- 
characterised  by  multiple  cases  iu  houses,  and  an 
exceptional  age-incidence. 

Drain  effluvia.,  sewer  gases,  and  emanations  from 
manure  heaps  and  other  filth  accumulations,  are  often 
regarded  as  directly  causing  enteric  fever.  That  they 
are  powerful  predisposing  causes  is  beyond  doubt,  and 
it  may  be  supposed  that  persons  exposed  to  their 
influence  become  more  susceptible  to  the  enteric 
poison.  Alessi  has  shown  experimentally  that  this  is 
true  of  rats,  rabbits  and  guinea-pigs,  after  exposure  to 
the  effluvia  from  cesspools  or  excreta.  The  incidence 
of  attack  is  heaviest  upon  households  or  districts  in 
which  drainage  defects,  or  insanitary  privies  and  earth 
closets,  exist,  although  it  is  often  difficult  to  dissociate 
their  influence  from  that  of  impurity  of  soil  and  water. 
Buchanan  has  shown  that  in  the  large  English  towns 
improved  drainage  has  greatly  lowered  the  death-rato 
from  enteric  fever.  In  towns  that  have  been  newl;, 
sewered,  without  due  attention  to  the  disconnection 
and  trapping  of  house  drains,  enteric  fever  has  some- 
times become  far  more  prevalent  in  large  houses 
upon  high  ground,  tenanted  by  the  wealthier  classes, 
than  in  the  pooi'er  districts  down  below,  in  which 
very  commonly  there  were  no  drain-inlets  within 
the  houses.  Here,  however,  the  presence  of  enteric 
excreta  in  the  sewage  may  be  suspected.  Precisely 
the  same  conditions  are  recognised,  and  with  equal 
justice,  to  be  conducive  to  outbreaks  of  diphtheria,  a 
totally  distinct  disease,  and  in  either  case  the  presence 
of  a  specific  poison  is  doubtless  essential  to  the 
manifestation  of  the  specific  disease,  be  its  mode  of 
access  what  it  may.  Grossly  insanitary  conditions 
may  exist  for  years  without  any  outbreak  of  either 
disease.  Men  working  in  sewers  do  not  appear  to 
be  specially  liable  to  enteric  fever,  nor  do  those  em- 
ployed in  scavenging  in  pail-closet  towns,  although 
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they  come  into  close  and  frequent  contact  with  enteric 
excreta. 

Locality.  —  Enteric  fever  is  more  prevalent  and 
more  fatal,  at  all  ages,  in  towns  thaii  in  the  country, 
and  often  fixes  persistently  upon  one  district,  where 
ilie  predisposing  conditions  mentioned  elsewhere  will 
usually  be  found  to  exist.  In  such  districts  new- 
>-oraers  are  especially  liable  to  attack ;  .  this  has  been 
observed  on  a  large  scale  as  regards  soldiers  newly 
arrived  in  India.  It  seems  probable  that  some  sort 
of  acclimatisation  is  at  work,  relative  immunity  being 
confei'red  by  repeated  minimal  infection.  As  a  rule, 
but  by  no  means  always,  the  areas  in  which  enteiic 
fever  is  endemic  are  occupied  by  the  poorest  class, 
among  whom  insanitary  conditions  abound,  and 
little  care  is  taken  for  preventive  measures. 

Age. — According  to  Handford,  "  the  susceptibility 
to  enteric  fever  decreases  with  age  from  the  earliest 
years  onwards,  though  the  decrease  is  slight  between 
fifteen  and  twenty-five,  whereas  the  risk  of  a  fatal 
termination  steadily  increases  with  age."  The  Regis- 
i-rar-General's  figures,  however,  tend  to  show  that  the 
fatal  incidence  is  less  during  the  first  five  years  of  life 
than  between  five  and  ten  years.  The  registered 
mortality  is  low  in  infancy,  high  in  the  second  to  the 
fifteenth  year,  and  then  rises  further  to  a  maximum 
between  15  and  25  years,  after  which  it  falls  per- 
manently. It  is  probable  that  true  enteric  fever  is 
rare  among  infants  and  young  cliildren,  and  that 
many  of  [the  cases  recorded  at  those  ages  are  due 

o  faulty  diagnosis. 

Sex. — More  males  than  females  die  from  enteric 
fever,  but  the  mortality  is  greater  among  females 
From  the  fourth  to  the  twentieth  year-  of  age.  The 
susceptibility,  according  to  the  Registrar-General,  is 
^'reater  among  males  from  about  the  fifth  to  about 

he  twenty -fifth  year,  and  greater  among  females  at 
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all  other  ages.  The  average  severity  of  attack  is 
somewhat  greater  among  females;  18 "8  per  cent,  of 
female  cases  end  fatally,  and  17 '1  of  male  cases. 

The  most  frequent  mode  of  infection  is  by  contact 
or  by  the  mouth,  the  virus  either  being  contained  in 
water,  milk,  or  other  food,  or  conveyed  more  directly 
by  the  unwashed  hands  after  contact  with  infects  1 
matter.    That  the  excreta  and  urine  are  infective  i 
certain,  and  it  is  possible  that  infection  is  sometinn 
carried  by  the  breath.    Enteric  patients  are  sometinn 
treated  in  hospitals  side  by  side  with  other  cases  ;  but 
with  scrupulous  cleanliness,  especially  as  regards  tli- 
nurse's  hands,  and  any  clothing  that  may  have  becoin 
soiled  in  however  minute  degree  with  the  patient's  di- 
charges,  it  seems  that,  although  nurses  are  not  unfn 
quently  attacked,  the  infection  has  little  tendency  1 
spread  to  other  patients.    It  is  otherwise  in  crowded 
homes,  and  there  can  be  no  question  that  direct 
personal  contagion  has  been  the  cause  of  not  a  few  of 
the  smaller  outbreaks  of  the  disease,  and  of  many 
secondary  cases  in  the  larger  epidemics  {e.g.  in  the 
Lincoln  outbreak  of  1905). 

The  incubation  period  is  variable,  from  two  or 
three  days  to  three  or  even  four  weeks,  perhaps  most 
usually  twelve  to  fourteen  days.  The  insidious  modr 
of  onset  renders  exact  determinations  difficult.  Tin- 
incubation  is  often  short  when  the  ])oi.son  is  introduced 
by  water  or  milk.  In  some  of  Budd's  cases  it  was  only 
two  or  three  days,  at  Guildford  ten  or  eleven  days,  in  the 
Catorham  outbi'eak  fourteen  days.  Jancken  records 
an  instance  in  which  a  body  of  soldiers,  not  otherwise 
exposed  to  infection,  marched  through  two  A-illages  in 
which  enteric  fever  was  rife,  and  drank  freely  of 
water.  Two  days  later  3  were  attacked  by  enteric 
fever ;  then  7,  6,  0,  4,  5  in  successive  days,  and  7 
more  within  the  fortnight — 32  in  all.  The  onset  was 
sudden,  but  the  course  mild.    Another  section  of  the 
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troops  passed  through    the  same  villages  without 

Irinking,  and  escaped  illness. 

The  duration  of  illness  is  usually  about  three  to 

i'our  weeks,  but  may  be  protracted  by  relapses.  Second 

ittacks  are  not  uncommon. 

The  greatest  care  is  needed  to  prevent  all  risk  of 

-'ontamiuation  of  milk  supplies  or  water.    The  disposal 

of  the  excreta  is  a  matter  of  great  importance.  They 
sshould  be  disinfected  and  disposed  of  at  once.  In  the 
ccountry  it  is  customary  to  bury  them  away  from 
Jhouses  or  sources  of  water  supply  \  in  towns  they 
8are  usually  dealt  with  like  other  excreta,  but  where 
jpail- closets  are  used  enteric  excreta  may  be  separately 
tcollected  and  cremated.  The  urine,  as  we  have  seen, 
(often  contains  the  bacilli  (in  about  20  per  cent,  of 
<  cases). 

Bacteriology. — In  1880-81  Eberth  announced  the 
(discovery  of  the  typhoid  bacillus  in  cases  of  clinical 

•  enteric  fever.  In  1884  it  was  first  cultivated  outside 
Ithe  body  by  Gaffky.  Since  then  other  organisms 
lhave  been  held  responsible  for  the  causation  of  the 

•  disease.  In  1885  the  B.  coli  communis  was  recog- 
!  nised,  and  it  was  a  matter  of  debate  among  bacteriol- 

•  ogists  as  to  how  far  these  two  organisms  were  the 
I  same  species,  and  interchangeable.  Bacteriologists 
;  now  generally  regard  the  Eberth-Gaffky  bacillus  as 

•  the  specific  cause  of  typhoid  fever,  though  complete 
proof  is  still  wanting.  About  3  per  cent,  of  typhoid 
cases  are  due  to  paratyphoid  organisms  (Boycott), 
Typhoid  bacilli  appear  as  rods,  2-4  ju  long,  -5  fx  broad, 
having  round  ends.   Sometimes  threads  are  observable, 

:  being  10  fxhi  length.  The  bacilli  differ  in  length  from 
each  other,  but  are  approximately  of  the  same  thick- 
ness. Bound  and  oval  cells  constantly  occur  even  in 
pui'e  culture,  and  many  of  these  shorter  forms  appear 
to  be,  identical  in  morphology  with  some  of  the  many 
forms  of  B.  coli.    There  are  no  spores.    Motility  is 
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marked,  due  to  some  five  to  twenty  flagella  of  varying: 
length.  The  flagelhi  are  both  terminal  and  lat(;i'a], 
and  are  elastic  and  wavy. 

The  organism  may  be  isolated  from  the  ulcerated 
Peyer's  joatches  in  the  intestine,  from  the  spleen,  the 
mesenteric  glands,  and  the  urine.  Owing  to  the 
mixture  of  bacteria  found  elsewhere,  it  is  generally 
most  readily  isolated  from  the  spleen.  For  this 
purpose  the  whole  spleen  is  removed,  and  a  portion 
of  its  capsule  seared  with  a  hot  iron  to  destroy 
superficial  organisms.  With  a  sterilised  knife  a 
small  cut  is  made  into  the  substance  of  the  organ, 
and  by  means  of  a  sterilised  platinum  wire  a  little 
of  the  pulp  is  removed  and  traced  over  the  surface  of 
agar,  on  which  growth  occurs  in  24  ■  hours  at  37°  C. 
The  bacillus  grows  on  all  the  ordinary  media.  It  is 
decolorised  by  Gram's  method.  The  typhoid  bacillus 
is  capable  of  saprophytic  existence  in  soil,  dust,  water, 
and  milk,  and  may  persist  in  the  excreta  for  months. 
It  can  survive  in  ordinary  earth  for  two  months,  on 
sterilised  linen  for  60  days,  on  woollen  cloth  for  80 
days,  in  sterilised  water  196  days,  in  certain  soils  400 
days.  Wright  has  prepared  a  vaccine  from  a  virulent 
24  hours'  culture  in  broth.  It  is  killed  by  heating  at 
60"  0.  for  five  minutes,  and  is  injected  hypodermically 
in  the  flank. 

The  typhoid  hacillus  agglutinates  with  serum  from  a 
typhoid  patient,  and  this  has  laeen  used  as  a  hacteriological  aid 
in  diagnosis.  It  is  known  as  WidaVs  apjjlication  of  Gritbei''s 
reaction,  and  is  carried  out  in  the  following  way  : — A  few  drops 
of  hlood  are  di-awn  from  the  lobe  of  the  ear  or  finger  of  the 
patient ;  the  serum,  which  exudes  as  the  blood  coagulates,  is 
then  diluted  with  ahout  9  parts  of  neutral  bouillon.  A  drop  of 
this  dilution  is  mixed  with  an  equal  quantity  of  a  typhoid 
broth,  cultivation  of  18  to  24  hours'  growth  made  from  a 
virulent  culture.  Under  tbc  microscope  it  may  be  seen 
whether  the  reaction  is  positive  or  negative.  If  in  the  mixture 
of  serum  and  of  cultiu-e  the  bacilli  become  immotile  and  also 
become  agglutinated,  or  grouped  together  in  colonies,  the 


:hap.  XIV.]        Epidemic  Diarrhcea, 


393 


eaction  is  positive.  If,  however,  they  remain,  as  they  do  in 
leulthy  blood  serum,  motilo  and  scattered,  the  reaction  is 
legative.  The  Widal  reaction  is  obtainable  in  about  70  to  80 
'or  cent,  of  the  cases  between  the  4th  and  14th  day  of  the 
e  and  in  90  per  cent,  of  the  cases  during  the  third  and 
H'ourth  weeks. 

Simple  coiitiinicd  fever  is  still  assigned  as  the 
•aaise  of  a  considerable  number  of  deaths,  but  is  steadily  losing 
l[round  year  by  year  with  improving  diagnosis  and  certification, 
fclany  of  the  deaths  so  returned  are  probably  due  to  enteric 
!|ever,  others  to  septic  conditions,  pneumonia,  etc.  Longstaff 
ias  shown  that  the  seasonal  mortality  curve  for  "  siniple  con- 
iiinued  fever  "  is  very  different  from  that  of  enteric  fever,  and 
resembles  the  typhus  curve  rather  closely,  having  its  maximum 
lin  winter  and  spring. 

Epidemic  diariiioea-^  is  returned  as  the  cause 
a  death-rate  that  steadily  averaged  0*9  per  1,000 
rrom  1850  to  1880,  and  in  1906  was,  for  England  and 
ales,  0'87  per  1,000.    In  towns  it  is  much  higher 
11-0  per  1,000)  than  in  rural  districts  (0-52).  In 
lOndon,  in  1906,  it  Avas  0'94,  and  0*81  for  ten  pre- 
eding  years.     In  many  cases  diarrhcea  is  merely 
mptoraatic,  but  the  existence  of  an  epidemic  disease 
ifi  which  diarrhoea  is  the  prominent  manifestation  is  now 
cognised.   Much  light  has  been  thrown  on  the  subject 
lyy  Ballard,  Newsholme,  and  other  observers. 

Density   of  pojndation. — Epidemic   diarrhoea  is 
sentially  a  disease  of  towns,  or,  in  more  general 
irms,  of  crowded  areas.    The  diarrhoea  death-rate  in 
1891-1900  among  children  0-5  years  of  age  was  5*4; 
urban  counties  it  was  6-7  and  in  rural  districts  2- 6. 
e  disease  is  ordinarily  twice  as  fatal,  in  urban  as  in 
al  counties  and  more  dangerous  to  boys  than  girls. 

*  Under  this  term  are  included  all  forms  of  zymotic  diarrlia?a  and 
[►identic  cntei'itis.  The  Royal  College  of  Physicians  (1900)  laid  down  that 
;astro-enteritis,"  "  inuco-enteritis,"  "gastric  catarrh,"  and  such 
lonyms  of  epidemic  diarrhcea  in  medical  certificates  of  death  should  be 
Icarded.  The  College  regarded  epidemic  diarrlioea  as  a  general  disease 
fa  specific  character  in  the  same  sense  as  enteric  or  other  fevers,  and 
prefore authorised  tlie  use  of  the  terms  "epidemic  enteritis"  or,  if  pre- 
Ted,  "  zymotic  enteritis "  or  "  epidetnic  diarrhrea,"  to  designate  the 
sease  in  its  various  forms  and  degrees. 

N* 
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In  countios  sucli  as  Dorset  and  Wilts,  the  mortality 
(among  children  0-5  years)  in  1903  was  bel6w  2  per 
1,000,  whereas  in  Warwickshire  it  was  8-8,  in  the  East 
E-iding  8-9,  and  iii  Lancashire  9'13. 

An  analysis  of  the  diaiThnea  mortality  in  tbe 
various  counties  according  to  their  average  density  of 
population  gives  a  similar  result.  Thus,  in  1871-80 
the  mean  annual  diarrhoea  mortality  per  1,000  at  ages 
under  five  years  was 

In  6  counties  with  moro  than  4  acres  per  person  .  2-6 
..9  „         .     „        „  3  to  4     „      „      „      .  3-G 

)j  ^-^  »  ))  ))      )>  "  )> 

11  12 

„   6    counties  with  less   than     1  acre 

In  all  Ensiand  and  Wales,  with  )  ,  , 

n  >  I'o  acre 

an  average  of  ^        a.^  , 


„  .  4-8 
„      .  7-1 


In  1898-1902  the  rate  was  11-5  in  urban  districts 
and  5'0  in  rural.  Urban  conditions  are  favourable 
to  the  disease,  chiefly  because  of  some  or  all  of  the 
following  : — 

Density  of  buildings  upon  an  area  increases  the 
tendency  to  diarrhoea  mortality,  in  addition  to  tlif 
density  of  population  that  usually,  though  not  alwa\  . 
accompanies  it.    It  is  chiefly  a  disease  of  urban  life. 

Elevation  of  site  tends  to  reduce  diarrhoea  mortality, 
but  only  in  the  same  degree  that  it  aSects  infant 
mortality  from  all  causes. 

Lack  of  ventilation  and  light  is  conducive  tn 
diarrhoea  mortality.  Among  the  common  conditions 
that  are  harmful  in  this  way  are  narrow  dark 
courts  and  streets,  obstructive  walls  or  buildings, 
back-to-back  houses,  overcrowding,  and  neglect  of 
ventilation  of  rooms. 

Lack  of  cleanliness  has  a  similar  effect,  and  is 
usually  found  in  association  with  the  above,  particularly 
in  houses.  But  further,  towns  which  have  adopt ( '1 
the   water-can'iage   system    of  sewerage  have  ]( 
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liarrhcea  thau  those  which  retain  other  methods  of 
emoval  of  excrement.  Towns  also  which  have  the 
nost  effectual  scavenging  arrangements,  including  the 
iiethods  of  removal  of  house  refuse,  have  the  least 
■pidemic  diarrhcea. 

Fonl  air  from  sewers,  cesspools,  and  filth  accumula- 
tions of  any  kind  promotes  diarrhoea  mortality.  Smoke 
ind  mei-e  chemical  effluvia  seem  to  be  inoperative. 

Drinking  loater  may  cause  outbreaks  of  diarrhoea, 
ndependently  of  season,  but  is  not  responsible  for 
rdinary  epidemics  of  summer  diarrhoea. 

Soil. — Diarrhoea  mortality  is  low  in  places  built 
ipon  solid  rock,  high  where  the  soil  is  loose  and 
lorous.  Sand  and  deep  mould  are  the  worst,  clay  is 
ir  better.  Organic  pollution  of  the  soil,  whether 
■  egetable  or  animal  in  origin^  is  a  most  potent 
actor,  and  occurs  especially  upon  such  sites  as  "  made 
rround,"  pervious  soils,  town  refuse,  market  gardens, 
ir  in  soil  polluted  by  leakage  from  drains  or  cesspools. 
>ampness  of  soil,  accompanied  by  aeration,  is  the 
nost  favourable  condition  for  diarrhoea,  dryness  or 
aturation  being  alike  preventive. 

Temperature. — High  temperature  of  the  air  has 
»ng  been  observed  to  be  associated  with  high 
liarrhoeal  mortality,  and  the  reverse  with  low  air 
■mpei-ature,  but  Ballard  shows  that  the  relation  is 
idirect.  The  maximum  inortality  by  no  means 
ecessarily  coincides  with  the  highest  readings  of  the 
ir-thermometer.    The  temperature  of  the  soil,  being 

less  sensitive  indicator  and  more  steady  in  its  record, 

on  the  whole  a  safer  guide. 

Ballard  concluded  that — 

"  («)  The  summer  rise  of  diarrhooal  mortality  does  not  com- 
ifnce  until  the  mean  temperature  recorded  by  the  4-foot 
trth-thermometer  has  attained  somewhere  about  56°  F.,  no 
titer  what  may  have  been  the  temperature  previously  attained 

the  atmosphere  or  recorded  by  the  1-foot  earth-thermometer. 
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"  [h)  The  maximum  diarrlurial  mortality  of  the  year  ig 
usually  attained  in  the  week  in  wliich  the  temperature  recorded 
by  the  4-foot  earth- thermometer  attains  its  mean  weekly 
maximum. 

"  [e]  The  decline  of  the  diarrhooal  mortality  .  .  .  coincides 
with  the  decline  of  the  temperature  recorded  by  the  4-foot 
earth-thormoraeter,  which  temperature  declines  much  more 
slowly  than  the  atmospheric  temperature  or  than  that  recorded 
by  the  1-foot  earth-thermometer. 

"  {A)  The  influence  of  the  atmospheric  temperature,  and  of 
the  temperature  of  the  more  superficial  layers  of  the  earth, 
,  .  .  is  little,  if  at  all,  apparent  until  the  temperature  of  the 
4-foot  earth-thermometer  has  risen  as  stated  above;  then  thoir 
influence  is  apparent,  but  it  is  a  subsidiary  one." 

Tomkms  found  that  epidemic  diai'rlioca  did  not 
occur  ill  Leicester  until  the  temperatui-e  of  the  1-foot 
thermometer  reached  60°  F. 

Rainfall  is  operative  by  its  cleansing  effect  upon 
the  atmosphere,  by  laying  dust,  and  by  its  reducing 
effect  upon  the  temperature  of  the  soil  and  tlie 
atmosphere.  Diarrhoeal  mortality  is  greater  in  dry 
and  less  in  wet  seasons.  Deficiency  of  rainfall  plus 
high  atmospheric  temperature  are  probably  the  two 
chief  external  conditions  favourable  to  epidemic 
diarrhoea.  Wind  tends  to  reduce  diarrhoea  mortality, 
calm  in  the  diarrhoeal  season  promotes  it. 

It  was  upon  broad  facts  such  as  these  that  Ballard, 
in  1887,  based  his  "provisional  hypothesis"  :  — 

That  the  essential  cause  of  diarrhoea  resides 
ordinarily  in  the  superficial  layers  of  the  earth,  where 
it  is  intimately  associated  with  the  life-processes 
of  some  micro-organism  not  yet  isolated. 

That  the  vital  manifestations  of  such  organism  are 
dependent,  amongst  other  things,  perhaps,  principally 
upon  conditions  of  season  and  on  the  pi-esence  of 
dead  organic  matter,  which  is  its  pabulum. 

That  on  occasion  such  micro-organism  is  capable 
of  getting  abroad  from  its  primary  habitat,  the  earth, 
and  having  become  air-bome  obtains  opportunity  for 
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istening  on  non-living  organic  material  (especially 
)od  whether  inside  or  outside  the  body),  and  of  using 
icli  organic  material  both  as  nidus  and  pabulum  in 
idergoing  various  phases  in  its  life-history. 

That  from  food  and  from  organic  matter  in  certain 
)ils  it  can  manufacture  a  virulent  chemical  poison, 
hich  is  the  material  cause  of  epidemic  diarrhoea. 

Social  j)osition. — By  far  the  greatest  incidence  is 
pon  the  poorest  class,  the  artisan  and  lower  labour- 
!g  classes. 

Food,  and  particularly  milk,  may  "  ferment "  or 
•come  contaminated  by  exposure  to  dust  or  filth 
aanations,  and  thus  cause  diarrhoea.  Breast-fed 
lildren  are  remarkably  exempt,  and  those  partially 
least-fed  come  next;  the  mortality  is  much  higher 
inong  children  artificially  fed,  and  especially  if  fed 
V  the  bottle.  On  the  Avhole  there  is  evidence  to  show 
lat  infantile  diarrhoea  is  usually  a  form  of  food 
oisoning. 

Maternal  neglect. — The  mortality  among  illegiti- 
late  children  is  higher  than  that  of  legitimate 
lildren  from  all  causes,  but  the  excess  is  greatest  in 
fjard  to  diarrhoea.  The  difference  is  most  marked 
I  years  of  low  epidemicity,  and  tends  to  disappear 
L  years  of  high  diarrhoea  mortality,  but  in  the  latter 
le  avei'age  age  of  attack  is  earlier  among  illegiti- 
ate  children.  Occupation  of  mothers  from  home 
)utributes  to  neglect  and  improper,  irregular,  and 
•tificial  feeding  of  infants. 

x\.ge. — Diarrhoea  is  fatal  at  both  extremes  of  life, 
be  first  year  of  life,  especially  from  the  third  to  the 
iuth  month,  has  by  far  the  greatest  mortality.  In 
"^71-80,  63  per  cent,  of  the  deaths  attributed  to 
iarrhcea  were  at  ages  under  one  year,  80  per  cent, 
uder  two  years.  It  was  by  far  the  most  fatal  of  the 
ifective  diseases  in  infancy,  and  caused  a  mortality 
i  over  25  per  thousand  births.    In  1881-90  the 
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mean  mortality  rate  showed  further  decline,  and  in 
1891-1900  73  per  cent,  of  the  deaths  from  this  disease 
were  under  one  year  and  86  under  two.  From  infancy 
the  mortality  diminishes  until  about  the  20th  year, 
after  which  it  again  increases  until  the  end  of  life. 
The  liability  to  attack  seems  to  be  greater  in  the  .second 
year  than  the  first,  and  at  all  events  is  far  greater  in 
the  first  two  years  than  in  the  third  or  later  years. 
It  is  comparatively  small  in  the  first  three  months, 
and  probably  increases  up  to  the  end  of  the  first  or 
beginning  of  the  second  year.  No  age  is  exempt 
from  attack,  but  only  severe  and  acute  attacks  kill 
at  ages  between  infancy  and  old  age.  Tomkins  states 
that  "  infants  and  young  children  form  only  a  small 
proportion  of  those  attacked,  although  they  furnish 
nearly  the  whole  of  the  deaths." 

/S'ex. — The  mortality  is  greater  among  females 
from  the  third  to  about  the  45th  year,  but  greater 
among  males  in  infancy  and  old  age.  The  liability 
to  attack,  however,  is  greater  among  males  at  all 
ages. 

Season. — Fatal  diarrhcea  occurs  at  all  seasons,  but 
always  increases  greatly  in  sumnier.  In  London  the 
mortality  curve  shows  a  slight  rise  throughout  June, 
rapidly  increasing  in  July,  and  reaching  its  maxim luu 
in  the  first  week  of  August,  after  which  it  again  falls 
steadily  throughout  September  and  October.  During 
the  rest  of  the  year  there  is  little  variation. .  An 
outburst  of  epidemic  diai-rhoea  occurs  every  yeai',  but 
the  date  and  intensity  of  the  epidemic  vary  con- 
siderably from  year  to  year,  and  according  to  locality. 
The  relation  to  temperature  and  other  atmospheric 
and  telluric  conditions  have  already  been  discussed. 
There  is  very  frequently  an  alternation  of  years  of 
high  and  low  diarrhoeal  mortality,  but  a  simple  ex- 
planation of  this  is  usually  to  be  found  in  the 
meteorological  records  of  the  summer  months,  there 
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•t'ing  coincident  alternation  of  hot,  dry  summers  with 
thers  wliich  are  cool  and  wet. 

Locality. — Diarrhoea  is  endemic  in  many  large 
English  towns,  notably  Leicester  and  Preston,  and 
>iases  heavy  mortality  annually.  Others,  such  as 
Jristol,  Derby,  and  Halifax,  are  affected  much  less, 
hough  all,  as  in  the  Metropolis,  show  the  summer 
ise  every  year. 

Previous  health  affects  the  chances  of  recovery 
nore  than  the  liability  to  attack.  The  incubation  is 
[)parently  very  short,  from  a  few  hours  to  a  day,  or 
it  most  two  clays.  Half  the  fatal  cases  terminate 
vithin  a  week,  and  the  course  is  more  rapid  in  the 
;iter  periods  of  an  epidemic  {Ballard).  Characteristic 
>athological  changes  are  found  in  the  kidneys  as  well 
s  in  the  intestines,  a  fact  that  goes  far  to  prove 
he  specific  character  of  epidemic  diai-rhoea.  Pneu- 
uonia  is  common  and  fatty  degeneration  of  the  liver 
dmost  invariable. 

In  many  instances  diarrhoea  has  appeared  to  be 
lighly  infectious  by  means  of  the  excreta,  but  this  is 
lot  always  the  case. 

Outbreaks  of  diarrhoea  occur  from  time  to  time, 
specially  in  hospitals  and  other  public  institutions, 
vhich  cannot  be  referred  to  climatic  conditions,  but 
ipon  investigation  are  traced  to  articles  of  food,  and 
specially  to  water  and  milk.    Water  may  acquire 
he  power  of  causing  diarrhoea  in  many  ways,  including 
:he  presence  of  suspended  mineral  matter,  such  as 
lay  or  mica  [Parkes) ;  excess  of  dissolved  mineral 
atter;  suspended  or  dissolved  sewage  matter  or  other 
mimal  impurity,  especially  if  undergoing  putrefaction ; 
uspended  vegetable  matter;  absorption  of  foetid  gases, 
eluding  sulphuretted  hydrogen  and  "  sewer  gas." 
ilk  is  a  frequent  cause  of  diarrhoea,  owing  either 
o  fermentative  changes  in  itself,  or  to  contamination 
.  y  specific  poison  or  effluvia.     An  outbreak  at  Moor- 
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fields  Hospital  was  traced  to  butter.  Putrid  food  of 
any  kind  tends  to  cause  diarrhoea,  and  fish  is  especially 
prone  to  be  injurious  if  not  fresh.  Lastly,  specific 
diseases  must  be  mentioned  in  this  connection,  as  foi- 
example  the  Welbeck  cases  described  in  an  earlici- 
chapter. 

Bacteriology. — In  1885  Escherich  publislied  his 
researches  on  Bacillus  coli  comimmis,  and  since  that 
date  many  authorities  have  maintained  that  this 
organism  is  the  causal  agent  of  epidemic  dian'hcea. 
Booker,  on  the  other  hand,  as  the  result  of  investiga- 
tion, concluded  that  many  different  varieties  of 
bacteria'  are  concerned  in  the  etiology  of  the  summer 
diarrhoeas  of  children.  He  considered  "  streptococcus 
enteritidis  "  and  Proteus  vidgaris  the  most  important. 
In  1895  Klein  isolated  an  ox'ganism  from  the  evacu- 
ations of  patients  suffering  from  an  epidemic  of 
diarrhoea  at  St.  Bartholomew's  Hospital,  which  he 
named  B.  entei'itidis  sporogenes*  and  which  he  believes 
to  be  the  cause  of  epidemic  diarrhoea.  .  B.  enteritidis 
sporogenes  is  widely  distributed,  and  occurs  in  normal 
and  typhoid  excreta,  in  sewage,  manure,  soil,  dust, 
and  milk.  It  has  been  fi-equently  found  in  the 
dejecta  of  patients  suffering  from  epidemic  diarrhoea. 
It  fulfils  in  a  somewhat  exceptional  degree  the  re- 
quirements suggested  by  Ballard.  But  the  same  is 
true  of  B.  coli,  and  the  question  is  therefore  subjicdice. 

Iiifliiciiza,  stands  almost  alone  in  its  purely 
epidemic  or  pandemic  occurrence,  with  little  trace 

*  B,  enterilidis  sporogenes  (Klein)  is  an  anaerobic  bacillus:  1'6-t  S  /i 
long,  and  O'S  ja  broad  ;  stains  by  Gram's  method  and  ordinary  stains. 
Motile ;  spore  formation  present ;  large  oval  spores  often  situated  ne;u 
one  end  of  bacillus  ;  grows  well  on  gelatine  and  agar.  In  the  former  gas  is 
produced  and  the  gelatine  liquefies.  It  grows  well  in  milk.  After  thirty- 
six  hours  of  anaerobic  incubation  at  37°  C.  1;he  surface  is  covered  with 
stringy,  pinkish-white  masses  of  coagulated  casein  enclosing  a  number  of 
gas-biibbles.  The  main  portion  of  the  tube  of  milk  contains  a  colourless 
Thin,  watery  whey,  with  a  few  casein  lumps  here  and  there  adhering  to  the 
sides  of  the  tube.  The  whey  has  a  smell  of  butyric  acid,  and  is  acid  in 
reaction.    It  contains  many  bacilli. 
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>t'  endemic  localisation.    Much  confusion  lias  arisen 
loni    tlie    prevalent    misapplication    of  the  term 
ifluenza  to  severe  catarrhs,  infectious  or  otherwise, 
•lany  epidemics  of  true  influenza  have  been  observed 
Liring  the  last  few  centuries,  spreading  over  a  greater 
less  portion  of  the  globe.    Although  there  is  clear 
udication  of  preference  for  lines  of  traffic,  the  progress 
^f  an   epidemic  is   highly   irregular.     It  appears 
imultaneously   at  widely   separated   points,  often 
'■aping  over  or  avoiding  entire  countries,  perhaps 
'»  appear  in  them  later.     It  may  be  limited  to 
■articular  towns  or  villages,  sometimes  even  to  a 
mall  section  of  the  population  in  one  part  of  a  town, 
'he  advance  is  frequently  rapid,  but  not  more  rapid 
han  human  traffic,  and  at  other  times  its  progress  is 
low  and  halting.    The  pandemic  of  1889  was  first 
card  of  in  Siberia,  in  May,  and  had  spread  to  almost 
very  part  of  Europe  before  the  end  of  the  year.  It 
cached  London  late  in  December,  and  in  the  course 
f  the  next  three  months  diffused  itself  over  the  whole 
'f  England. 

The  epidemic  quickly  reaches  its  maximum  limits 
I  a  given  centre,  owing  probably  to  its  infectiousness 
lid  short  incubation,  and  the  susceptibility  of  the 
i-eater  part  of  the  population.  It  seldom  remains 
jnger  than  a  few  weeks  in  any  locality,  but  may  return 
1  the  course  of  the  same  pandemic.  The  interval 
otween  epidemics  is  irregular.  Parsons  states  that 
lajor  epidemics  occurred  in  England  in  1803,  1833, 
837-8, 1847-8,  and  minor  epidemics  about  every  three 
ears.  From  1860  onwards  these  practically  ceased, 
ntil  1889,  when  a  new  series  of  epidemics  began, 
ich  covering  almost  the  whole  country,  at  intervals 
f  about  a  year,  and  which  in  ten  years  destroyed  no 
ewer  than  87,767  lives  in  England  and  Wales.  In 
891-1900  the  influenza  mortality  was  361  per  million, 
during  the  decennium  there  were  two  epidemics,  in 
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1895  wlien  tlie  death  rate  rose  to  423  per  million,  and 
in  1898-1900  when  it  reached  504  per  million. 

In  the  same  district  the  type  of  the  epidemic 
remains  fairly  constant  as  regards  intensity,  severity, 
and  perhaps  the  tendency  to  one  or  other  group  of 
local  symptoms  or  complications.  There  is,  liowevei'. 
considerable  variety  in  different  centres  during  tli' 
progress  of  an  epidemic,  and  the  type  may  change  in 
a  given  locality. 

Climate. — Epidemics  are  more  common  in  hoi 
countries,  but  no  country,  however  cold,  is  exempt 
from  invasion. 

Season  and  weather. — Neither  cold  nor  heat, 
nor  any  known  meteorological  condition,  has  been 
shown  to  have  any  effect  in  checking  or  promoting 
the  spread  of  the  disease.  Intense  outbreaks  occur 
in  the  hottest  and  coldest  seasons,  in  good^  bad,  and 
changeable  weather,  apparently  indifferently.  Each 
type  of  weather  in  turn  has  been  alleged  to  cause 
epidemic  prevalence,  upon  the  strength  of  narrow 
observation  confined  frequently  to  one  locality  and 
one  outbreak.  Nothing  is  definitely  known  of  any 
relation  to  atmospheric  electricity,  or  the  presence  of 
ozone.  It  is,  howevei',  conceivable  that  conditions  of 
climate,  season,  and  weather  may  affect  the  severity 
of  the  epidemic,  and  esjjecially  the  mortality  from 
the  respiratory  complications  that  usually  attend  it. 

Telluric  conditions  are  apparently  without  influence.  .  The 
disease  attacks  persons  of  all  ages  and  both  sexes,  sometimes  to 
the  extent  of  quarter  or  even  half  the  entire  population.  In 
f^eneral  both  incidence  and  severity,  of  attack  are  less  at  ages 
below  20  years,  and  less  among  women  than  among  men  : 
though,  in  some  few  localities  and  instances  children,  and  e.- 
petially  school  children,  suffered  more  than  adults.  It  would 
appear  that  influenza,  like  diphtheria,  may  become  intensified  by 
tlie  aggregation  of  susceptible  persons  in  a  confined  atmo- 
sphere. Whether  it  can  spread  through  the  air  for  long 
distances  is  doubtful.    Many  instances  are  on  record  in  which 
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was  apparently  conveyed  in  that  way  to  ships  and 
ght-lioiises,  but  Parsons  has  shown  that  in  somo  of 
lese  the  isolation  was  not  complete.  On  the  whole,  secluded 
i>rsons  and  populations  sulfered  least,  the  incidence  being 
xceptionally  heavy  upon  postal  and  railway  officials,  and 
thors  whose  work  brought  them  most  into  contact  with  the 
ublic. 

Dogs  and  cats  apparently  suffer  from  influenza,  and  horses 
re  liable  to  a  severe  and  often  fatal  disease  {termed  pink- 
ve  "  from  one  of  its  prominent  symptoms),  which  has  been 
egarded  as  a  form  of  influenza.  On  several  occasions  in 
■Ingland  and  elsewhere  epidemics  of  influenza  have  been 
receded  by  outbreaks  of  "  pink-eye."  But  in  a  Eeport  to  the 
j.G.B.  (1893)  Klein  gives  reasons  for  doubting  the  trans- 
lissibility  of  influenza  to  lower  animals. 

The  period  of  incubation  ajDpears  to  be  short,  from 
'ue  to  three  days.  The  onset  is  sudden,  with  chills, 
levation  of  temperature,  and  severe  pain  in  the  eyes, 
lead,  and  back,  and  tenderness  of  muscles,  especially 
if  the  legs  and  back.  Three  principal  forms  of  the 
lisease  are  described,  with  affection  respectively  of 
he  respirtitory  or  alimentary  tracts,  or  of  the  nervous 
ystem  alone.  Intense  prostration  and  depression 
lid  rapid  loss  of  weight  are  almost  invariable.  The 
ymptoms  usually  abate  in  three  or  four  days,  but 
>mpiications  and  sequelae  may  protract  the  duration 
)f  illness  indefinitely.  The  breath  is  in  all  jDroba- 
»ility  infectious  from  the  first. 

The  mortality  from  influenza  is  usually  slight, 
xcept  among  persons  already  weakened  by  disease  or 
)redisposed  to  bi'onchitis  or  pneumonia.  The  increased 
leath-rate  which  follows  the  appearance  of  influenza 
u  a  district  is  largely  due  to  deaths  attributed  to 
ospiratory  diseases.  The  protection,  if  any,  conferred 
)y  an  attack  is  slight  and  evanescent,  repeated 
ittacks  being  common. 

In  1892  Pfeiffer  discovered  a  small  bacillus  in  the 
l)ronchial  mucus  of  patients  suffering  from  influenza. 
It  is  aerobic,  non-motile  and  non-resistant.    It  does 
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not  stain  by  Gram's  method,  and  grows  feeljly  011 
artificial  media. 

The  ordinary  preventive  measures — notification, 
isolation,  and  disinfection — have  not  yet  been  em- 
ployed on  a  large  scale  against  influenza. 

Cei'cbro-spiiial  fever. — Cerebro-spinal  fevei', 
known  also  as  epidemic  cerebro-spinal  meningitis  or 
spotted  fever,  is  not  rare  in  this  country,  and  has 
recently  caused  serious  mortality  in  New  York  and 
on  the  continent  of  Europe.  In  1866-7  a  severe 
epidemic  in  Ireland  was  marked  by  high  moi-tality 
and  hsemorrhagic  rashes. 

The  disease  may  be  described  as  "an  acute, 
epidemic  disease,  characterised  by  profound  disturb- 
ance of  the  central  nervous  system,  indicated  at  the 
onset  chiefly  by  shivering,  intense  headache  or  vertigo, 
or  both,  and  persistent  vomiting  \  subsequently  by 
delirium,  often  violent,  alternating  with  somnolence 
or  a  state  of  apathy  or  stupor  an  acutely  painful 
condition  with  spasm — sometimes  tetanoid — of  certain 
groups  of  muscles,  especially  the  posterior  muscles  of 
the  neck,  occasioning  retraction  of  the  head  ;  and 
an  increased  sensitiveness  of  the  surface  of  the 
body  "  (Radcliffe).  Throughout  the  disease  there  is 
marked  depression  of  the  vital  powers,  and  not  un- 
frequently  collapse.  In  its  course  an  erujition  of 
vesicles,  petechial  or  purpuric  spots,  or  mottling  of  the 
skin,  sometimes  not  unlike  the  rash  of  typhus,  is  apt 
to  occur.  If  the  disease  tend  to  recovery,  the 
symptoms  gradually  subside  without  any  critical 
phenomena,  and  convalescence  is  protracted  ;  if  to  a 
fatal  termination,  death  is  almost  invariably  pre 
ceded  by  coma.  After  death  the  membranes  of  the 
brain  and  spinal  cord  are  found  engorged  with  blood, 
and  an  effusion  of  sero-purulent  matter  is  often  present 
in  the  meshes  of  the  pia  mater  and  beneath  the 
arachnoid. 
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The  clinical  manifestations  include  the  presence 
>t"  Kernig's  sign*  and  of  taclie  cerebi'ale.j 

There  are  also  milder  or  anomalous  forms  which 
ender  identification  difficult,  and  Which  lead  to  its 
leins:  mistaken  for  other  ailments  of  more  common 
recurrence.     In  certain  localised  outbreaks  in  the 
astern  counties  in  1890  this  disease  was  generally 
nistaken    for    sunstroke    or    enteric    fever ;  in 
N'oi-thamptonshire  in  1890-91   it  was  diagnosed  as 
pneumonia  or  sore-throat ;  and  in  Irthlingborough  in 
1905  many  of  the  persons  attacked  were  regarded  aa 
suffering  from  influenza.    When  death  ensues  rapidly 
ihe  disease  has  been  mistaken  for  typhus,  tetanus, 
or  malignant  measles. 

Cerebro-spinai  fluid,  withdrawn  from  the  lower 
ipart  of  the  spinal  canal  by  lumbar  puncture,  should 
Ibe  examiiied  for  the  presence  of  the  "  Diplococcus 
meningitidis  intracellularis "  of  Weicbselbaiim,  now 
; generally   regarded    as    the   specific  cause   of  the 
disease. 

Whether  cerebro-spinai  fever  is  spread  by  direct 
infection  from  person  to  person  is  matter  of  uncer- 
tainty, but  the  isolation  of  the  sick  from  the  healthy 
should  be  practised  and  disinfection  carried  out. 

Piioiiiiioiiia.  occasionally  occurs  in  an  epidemic 
form,  and  in  many  instances  has  shown  distinctly 
infectious  properties  Avithout  attaining  epidemic  pro- 
portions. Epidemic  pneumonia  is,  with  few  exceptions, 
of  the  "  croupous  "  or  "  fibrinous  "  form,  but  it  is  not 
certain  that  all  cases  of  sporadic  croupous  pneumonia 
are  due  to  infection,  or  that  infectious  pneumonia  is 

*  To  obtain  this  sign  the  patient  is  placed  so  that  the  hip-joint 
is  semi-flexed,  and  while  the  hip-joint  is  retained  in  this  position,  tlie 
■knee-joint  is  extended  passively.  A  contraction  of  the  hamstrings  then 
sets  in,  which  causes  resistance  to  the  extension. 

t  A  congested  streak  produced  by  drawing  the  finger-nail  gently  over 
the  patient's  thigh,  abdomen,  or  face.  In  cases  of  meningitis  this  appears 
earlier  (within  30  seconds),  lasts  longer  (S,  10,  or  15  minutes),  and  is 
broader  and  of  deeper  colour  than  in  liealthy  persons. 
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always  caused  by  the  same  virus.  Infectious  pneu- 
monia is  very  often  limited  to  the  upper  lobe,  and 
often  accompanied  by  pleurisy  or  empyema.  Gastric 
symptoms,  diarrhoea,  and  jaundice  are  common,  and 
prostration  and  cerebral  symptoms  are  frequently  in- 
tense, out  of  proportion  to  the  physical  signs  of  pneu- 
monia. The  latter  may  be  delayed  for  days  after  the 
onset.  The  mortality  is  often  high,  and  usually  .so  in 
outbreaks  limited  to  a  few  persons.  Epidemics  have 
been  desciibed  in  considerable  numbers  in  "England 
and  various  other  parts  of  Europe  during  the  last  two 
centuries.  Although  more  frequent  in  temperate 
climates,  many  are  recorded  in  the  West  Indies, 
Mexico,  Peru,  and  India.  Nearly  all  occur  in  winter 
or  spring,  and  the  seasonal  curve  of  epidemic 
preval.ence  coincides  pretty  closely  with  that  of 
pneumonia  mortality,  which  l^as  its  maximum  iu 
December,  and  is  high  from  November  to  April. 
Hence  the  prevalence  of  pneumonia — epidemic  or 
otherwise — is  associated  with  the  colder  months,  and 
a  closer  analysis  shows  that  in  each  climate  the 
greatest  prevalence  of  pneumonia  occurs  at  the  season 
of  most  rapid  and  sudden  changes  of  temperature,  be 
it  winter  or  spring  [Hirsch),  and  there  is  evidence 
tending  to  show  that  the  prevalence  varies  in  some 
measui-e  with  the  intensity  of  the  changes  of  tem- 
perature. Epidemics  occurring  at  unusual  seasons 
have  often  been  associated  with  unusual  meteoi'ological 
conditions  of  the  same  kind. 

The  popular  belief  in  "  chill "  a.s  an  exciting  cause  of  pneu- 
monia cannot  be  entertained  as  regards  infectious  pneumonia, 
in  spite  of  the  strength  of  the  evidence  which  connects  pneu- 
monia outbreaks  with  the  weather  conditions  in  which  "chill "" 
is  believed  to  be  most  liable  to  occur.  Exposure  to  sudden 
changes  of  temperature  or  exti-eme  cold  may  increase  the 
activity  of  infection  or  the  susceptibilitj-  of  the  individual,  but 
nothing  more.  If,  however,  there  is  a  iion-infoctious  and  non- 
specific croupous  pneumonia,  the  question  of  '•  chill  "  niay  be 
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ivgned  upon  different  lines.    It  is  said  that  croupous  pneii- 
iionia  has  been  produced  by  injecting  irritants  into  the  lun<^s 
f  dogs,  by  mechanical  injury  to  lung  tissue,  by  experimentally 
injuring  parts  of  the  nervous  system,  and  by  various  other 
mechanical  means,  which  may  be  admitted  as  establishing  some 
-ort  of  prima  faoie  possibility  of  like  effect  from  sudden  change 
f  temperature,  especially  as  the  whole  mortality  attributed  to 
luoumonia  (and  not  merely  that  part  which  is  already  recog- 
nised as  due  to  an  infectious  form  of  the  disease)  reaches  its 
maximum  at  times  of  greatest  liability  to  "  chill."    On  the 
iither  hand,   attempts  to   produce  pneumonia  by  exposing 
iiiimals  to  sudden  alternations  of  temperature  have  uniformly 
nded  in  failure,  and  even  traumatic  pneumonia  may  conceiv- 
bly  be  dependent  upon  the  co-operation  of  specific  microbes 
accidentally  gaining  access  to  the  injured  tissue. 

There  are  now  on  record  many  instances  of  out- 
lu-eaks  of  pneumonia  which  remain  limited  to  a  single 
household  or  a  suiall  circle,  but  in  which  nevertheless 
the  evidence  points  strongly  to  infection. 

Nothing  conclusive  has  been  established  as  regards 
the  influence  of  rainfall  or  telluric  conditions  xipon 
pneumonia,  although  it  has  been  asserted  that  absence 
of  rain  (dry  cold)  and  low  level  of  subsoil  water  are 
favourable  conditions. 

Males  are  far  more  liable  to  pneumonia  than 
females,  but  the  attacks  are  usually  less  severe  and 
fatal.  In  the  Middlesbrough  epidemic  of  1888 
Ballard  found  that  the  female  case  mortality  only 
exceeded  the  male  at  ages  above  sixty-live  years. 
Both  the  liability  to  attack  and  the  average  case 
mortality  increase  greatly  as  age  advances.  In  child- 
hood and  old  age  the  mortality  is  highest,  and  urban 
death-rates  are  usually  in  excess  of  rural. 

All  depressing  conditions  predispose  to  attack 
during  epidemic  prevalence,  among  them  fatigue, 
anxiety,  poverty,  and  debility  from  any  cause. 
Insanitary  conditions,  especially  filth,  overcrowding, 
and  want  of  ventilation,  act  apparently  as  powerful  but 
not  indispensable  predisposing  causes.    Effluvia  from 
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graveyards  have  also  been  lielcl  responsible  for  out- 
breaks. Repeated  outbreaks  have  soraetinies  been 
observed  in  the  same  buildings,  especially  barracks  and 
prisons.  In  many  extensive  epidemics  it  has  been 
found  that  those  streets  or  houses  suffered  most  which 
were  in  the  worst  sanitary  condition,  and  outbreaks 
in  barracks,  prisons,  and  ships  have  usually  been 
atti-ibuted  to  the  same  causes.  Such  conditions  must 
not  be  regarded  as  more  than  predisposing  causes  in 
any  case,  and  in  many  instances — notably  in  several 
of  the  small  outbreaks  of  infectious  pneumonia  limited 
to  one  household — they  are  conspicuously  absent. 
Negroes  are  especially  susceptible  to  pneumonia,  even 
in  their  native  climate. 

Friedlander's  oval,  capsulated  pneumo-bacillus  is 
found  in  lai*ge  numbers  in  the  affected  lungs,  and 
in  the  blood  and  sputa  in  croupous  pneumonia 
(but  not  in  acute  catarrhal  pneumonia  or  septic 
pneumonias).  It  was  found  in  abundance  in  the 
substance  of  the  floors  and  ceilings  of  rooms  in  a 
prison  at  Amberg  where  repeated  outbreaks  of  pneu- 
monia had  occurred  for  many  yeai'S  {Emmerich). 
Pneumonia  has  been  produced  in  rabbits  by  the  injec- 
tion of  cultivations  ;  on  the  other  hand  these  results 
have  been  disputed,  and  the  true  pathogenic  microbe 
asserted  to  be  Prankel's  small,  oval,  capsulated 
diplococcus,  which  is  non-motile,  non-liquefying  and 
aerobic.  It  is  difficult  to  cultivate,  and  rapidly 
loses  virulence.  It  is  stained  by  Gram's  method. 
It  is  by  far  the  most  frequently  present  organism 
in  croupous  pneumonia,  and  may  be  present  in  other 
diseases,  suppuration,  otitis  media,  ulcerative 
endocarditis,  and  meningitis. 

The  widespread  and  fatal  epidemic  of  pneumonia 
that  occurred  at  Middlesbrough  in  1888  was  investi- 
gated by  Ballard.  Out  of  1,633  cases  in  a  population 
of  97,000,  369  ended  fatally,  the  case  mortality  being 
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I  per  cent.    The  poorer  classes  su  fibred  more  than 
le  wealthy,  and  cases  were  exceptionally  numerous 
lid  severe  in  the  workhouse,  where  the  drainage  was 
ry  faulty.    The  workhouse  children  sufi'ered  six 
lies,  but  adults  only  one  and  a  half  times,  as  much 
^  the  corresponding  class  outside.     Exposure  and 
itigue  seem  to  have  acted  as  predisposing  causes,  and 
lany  apparent  instances  were  recorded  of  direct  in- 
•tion  fi'om  contact  with  a  sick  person.    The  progress 
:  the  epidemic  seemed  to  be  arrested  by  heavy  rains, 
I  id  to  be  most  rapid  during  rainless  periods.  Klein 
)und  neither  Friedlander's  nor  Frankel's  organisms, 
at    large    numbers    of    short    bacilli,    which  he 
amed  Bacillus  jmettmonicB.    Inoculation  of  human 
mg-juice  or   of   cultivations  of   the  bacillus  into 
lice    caused    an    acute    disease,   the    chief  and 
instant  lesion  of  which  was  pneumonia ;  further 
oculations  from   such   mice   imparted   the  same 
isease  to  other  mice.    Samples  of  bacon  were  pur- 
lased  in  the  infected  districts,  and  it  was  found  that 
t  mice  fed  upon  this  bacon  a  large  proportion  became 
1,  with  the  same  symptoms  as  those  mentioned  above, 
lie  Bacillus  pneumonice  was  recoverable  by  cultivation 
om  their  tissues,  and  by  inoculation  the  disease 
)uld  be  transferred  to  other  mice.    Whether  the 
aeon  had  or  had  not  become  infected  by  human  cases 
f  pneumonia  is  not  clear,  but  it  may  be  suspected 
'lat  tlie  disease  was  capable  of  being  spread  by  means 
r  infected  food. 

The  incubation  appears  to  be  short,  frequently 
'')0ut  five  to  seven  days.  The  onset  is  sudden,  and 
sually  marked  by  rigors  and  severe  constitutional 
ymptoms,  the  signs  of  pneumonia  being  often  delayed 
r  three  or  four  days.  The  fifth  day  is  often  fatal; 
nd,  on  the  other  hand,  crisis  often  occurs  on  or 
bout  the  fifth,  seventh,  or  ninth  day,  but  sometimes 
he  course,  even  in  non-fatal  cases,  is  severe  and 
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protracted,  the  symptoms  being  of  a  "typhoiil'' 
character. 

Both  the  breath  and  the  sputa  may  be  assumed  i  i 
be  infective. 

The  mortality  varies  considerably,  but  is  usually 
high,  especially  in  elderly  persons  and  va.  the  out- 
breaks limited  to  a  narrow  circle.  In  some  epidemics, 
however,  it  has  been  as  low  as  5  per  cent. 

Epidemics  of  pneumonia  often  occur  coincidently 
with  ovitbreaks  of  other  diseases,  and  especially  entei  ic 
fever.  Pneumonia  is  a  common  complication  or 
sequela  of  enteric  fever,  and  it  has  been  suggested 
that  an  invasion  of  the  system  by  the  enteric  poison 
may  have  its  sole  manifestation  in  pneumonia,  the 
usual  intestinal  lesions  being  slight  or  aVjsent.. 

Tuberculosis  is  a  specific  and  infective  disease 
common  to  man  and  the  lower  animals.  The  princi- 
pal form  in  which  it  afi'ects  man  is  pulmonary  tuber- 
culosis or  phthisis,  but  all  parts  ol  the  body  are  liable 
to  be  invaded.  The  mortality  due  to  tuberculosis  is 
enormous,  but  does  not  admit  of  exact  statement, 
owing  to  imperfections  of  diagnosis,  nomenclature, 
and  classification.  Pulmonary  phthisis  may  be  accepted 
as  afairly  well-defined  division,  although  it  undoubtedly 
includes  a  certain  proportion  of  non-tubercular  de- 
structive diseases  of  the  lungs.  Tubercular  meningitis 
is  not  sufliciently  distinguished  in  death-returns  from 
other  diseases  that  are  attended  with  somewhiit 
similcir  symjptoms,  and  "  tabes  mesenterica,"  which  is 
classed  as  a  tubercular  disease,  includes  a  large 
annual  number  of  deaths  among  children  from 
wasting  diseases,  of  which  no  exact  diagnosis  has 
been  made. 

Plitliisis,  "  consumption,''  or  pulmonary  tuber- 
culosis is  Largely  dependent  upon  known  and 
remediable  conditions,  and  improved  hygiene  has 
led  to   a   steady  decline   in   mortality   from  this 
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-..use.  Nevertheless  it  still  ranks  among  the  most 
1  tal  diseases,  especially  during  adult  life,  and  as 
:  cently  as  the  decennial  period  1891-1900  it  was 
'  le  recorded  cause  of  one-twelfth  of  the  whole 
ortality  in  England,  and  of  about  thirty  per  cent. 
'  '  the  deaths  at  ages  between  twenty  and  forty- 
'  ve. 

Its  geographical  distribution  is  almost  world-wide. 
Meither  hot  nor  cold  climates  are  exempt,  but  hu- 
i,  lidity,  especially  if  the  daily  range  of  temperature  is 
i  igh,  is  frequently  associated  with  prevalence  of 
»  hthisis.  Cold,  and  especially  Arctic  countries,  suffer 
;  )mparatively  little  as  a  rule,  and  the  exceptions 
.  re    mostly    explicable    by    social    conditions  in- 

olving  overcrowding  and  Avant  of  ventilation. 
!i)ther  things  being  equal,  elevated  and  mountainous 
r  egions  are  less  affected  than  lowlands,  owing,  it  is 

elieved,  to  the  dryness  and  purity  of  the  air  and 
S  oil,  and  the  fuller  and  deeper  respiratory  move- 
\  lents.    A  general  relation  between  dampness  of  soil 


j'  lid  prevalence  of  phthisis  has  been   aSirmed  by 
iuchanan*  in  England  and  Bowditch  in  America. 
Jonsiderable  and  early  reduction  in  phthisis  mortality 
lias,  in  many  instances,  followed  artificial  drainage 
••)f  damp  localities.     In  Ely  the  reduction  was  47 
oer  cent.,  and  in  Salisbury  49  per  cent.,  but  at 
Asliby-de-la-Zouch,  Alnwick,  and  Carlisle,  Buchanan 
:ound  an  increase  coincident  with  drainage  of  the 
-owns,  and  the  same  was  observed  at  Danzig  and 

*  The  mortality  stat'sticH  of  tlie  deceniiiuin  1851-60,  fur  Surrey,  Kenfr, 
iihl  Sussex,  showed  that  there  was  h'ss  ])hthisis  among  populations  liviii;,' 
>n  pervious  soil  tlian  among  those  living  on  iinpervious  soils;  less  on 
ligh-lying  pervious  s^ils  than  on  low-iyiug  pervious  soils  ;  less  on  sloping 
iiiipervioius  soils  than  on  flat  inipei'vious  si  ils.  Buchanan  also  found 
I  general  agreement  in  phthi-is  mortality  between  districts  that  have 
2()innion  geologieal  an  1  topographical  features  of  a  nature  lo  affect  the 
water-hoMing  qua  ity  of  tlie  >oil— an  agreement  not  observed  in  districts 
ililferentlv  circumstanced  in  such  respt- cts ;  and  further,  a  general 
jiarallelism  between  the  degree  of  ^i^etness  of  soil  and  the  degree  of 
:  phthisis  incidence. 
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elsewliere.  In  several  of  these  cases,  however,  the  i 
local  conditions  -were  such  that  the  drainage  workg  | 
did  not  materially  dry  the  soil.  It  is  stated  by  many  j 
authorities  that  phthisis  does  not  occur  in  marsliy  j 
regions,  and  Kelly  found  that  the  phthisis  mortality  is  '  I 
greater  upon  the  drier  soil. 

Towns  sufier  more  than  rural  districts,  and  there 
is  a  close  relation  between  density  of  population  and 
phthisis  mortality,  due  to  the  co-operation  of  several 
causes,  chief  among  which  are  overcrowding,  poverty, 
and  stagnation  and  impurity  of  air.  The  heaviest 
incidence  is  upon  the  poorer  classes,  and  especi- 
ally those  living  in  narrow  sti'eets,  alleys  and 
courts,  and  in  back-to-back  houses.  Conditions 
inside  the  houses  such  as  overcrowding  and  want 
of  ventilation  are  even  more  potent,  and  repeated 
experience  in  barracks,  workhouses,  prisons,  and  other 
public  institutions,  as  well  as  in  ships,  has  shown  that 
with  improved  ventilation  and  ampler  aii'-space  the 
mortality  from  phthisis  is  greatly  reduced.  Among 
nomadic  races  the  disease  is  rare.  . 

Many  trades  have  a  tendency  to  induce  phtliisis, 
and  especially  those  industries  which  are  carried  on 
in  overcrowded,  hot,  moist  workrooms,  or  which 
charge  the  air  with  mineral  or  organic  dust  of  an 
irritating  kind.  Exposure  to  rapid  alternations  of 
temperature  is  very  injurious.  Greenhow  attached 
much  importance  to  a  stooping  or  cramped  posture 
at  work,  as  predisposing  to  phthisis. 

Among  other  predisposing  conditions,  intemperance 
and  debilitating  causes  of  all  kinds  are  important. 
Bi'ouardel  considers  that  "alcoholism  is  the  most 
potent  factor  in  propagating  tuberculosis,"  and  he 
quotes  Baudran  as  showing  that  the  deaths  from 
tuberculosis  per  10,000  rise  in  proportion  to  the  annual 
consumption  of  litres  of  alcohol  per  head.  In  this 
country  the  Registrar-General  has  shown  that  more 
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III  one  quarter  of  the  deaths  of  innkeepers  and  their 
vants  in  Loudon  result  from  phthisis ;  more  than 
v'-third  of  the   deaths  of  public-house  servants, 
1  men,  and  potmen  in  London  are  due  to  phthisis  ; 
1  the  mortality  from  this  disease  amiong  London 
1  keepers  and  their  servants  is  more  than  twice  as 
at  as  that  among  all  occupied  males,  and  the 
'i  tality  amongst  the  servants  alone  is  more  than 
ree  times  as  great.    No  doubt  some  of  this  mortality 
due   to   inhalation  of    tuberculous   dust  from 
ied  sputum.    Then  there  is  the  lowering  eflfect  of 
evious  disease.    Attacks  of  pleurisy,  bronchitis,  or 
leumonia  increase  the  liability  to  phthisis,  and  so, 
(),  do  many  forms  of  specific  fevers  (notably  measles, 
I  looping  cough,  and  enteric  fever),  and  other  diseases, 
r  example  diabetes  and  insanity.    The  low  phthisis 
Drtality  among  fishermen,    agricultural  labourers, 
Jud  others   following   essentially  out-door  employ- 
ments, seems  to  indicate  that  exposure  to  weather 
tas  been  overrated  as  a  predisposing  cause,  for  this 
condition  in  a  great  measure  implies  abundance  of 
t  esh  air. 

Rightly  or  wrongly,  a  large  but  decreasing  number 
\i  deaths  of  young  children  under  five  years  of  age  is 
totributed  ;  to  phthisis.  The  annual  mortality  per 
iiillion  living  at  ages  under  five  years  was  973  in 
>861-70,  770  in  1871-80,  535  in  1881-90,  and  413 
11  1  1891-1900.    From  five  to  ten  years  the  mortality 

■  ;  at  a  minimum,  and  then  rises  steadily  to  its 
iiaximum  at  ages  between  35  and  45,  after  which  it 
t.eclines  again  as  age  advances. 

Generally  speaking,  the  decline  since  1861  has 

■  teen  due  to  improved  sanitation  and  nutrition,  com- 
iiined  with  increased  knowledge  as  to  infection  and  the 
imfluence  of  institutional  and  sanatorium  segregation. 

The  influence  of  sex  is  very  marked,  but  is  to  be 
explained  for  the  most  part  by  diflferences  of  surround- 
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ings  rather  than  by  variation  in  natural  susceptibilitv. 
In  proportion  to  their  numbers  makis  sufter  a  liiglier 
phthisis  mortality  than  females  at  all  ages  except 
between  5  and  25  years.  While  the  mortality  is 
decreasing  rapidly  in  both  sexes,  the  decline  among 
females  is  greater  than  that  among  males. 


Phthisis  Mortalitv  in  Enoland  and  Wales,  18.01-1000  (peh 
1,000  i.iviNo). 


Decennia. 

Males. 

Females. 

Total. 

1851-00 

2-6 

2-S 

1861-70 

2-5 

l-r> 

1871-80 

2-2 

2-0 

2-1 

1881-90 

1-8 

1-6 

1-7 

isoi-iono  . 

1-5 

1-2 

1-3 

In  London  also  there  has  been  a  steady  decline. 
In  1906  the  phthisis  death-rate  was  1 -44  per  1,000, 
having  fallen  in  the  four  preceding  years.  In  190G, 
when  the  phthisis  death-rate  was  1*44  for  the  whole 
of  London,  it  was  as  low  as  0"67  in  Hampstead  and  as 
high  as  2-01  in  Shoreditch,  2 '06  in  Sonthwark,  2-18  in 
Finsbury,  and  2-37  in  Holborn. 

No  race  is  exempt,  but  among  Jews  phthisis 
appears  to  be  I'are,  and  this  comparative  immunity 
has  been  partly  attributed  to  the  care  that  is  taken 
in  the  selection  of  animals  slaughtered  for  food. 
Natives  of  hot  countries  migrating  to  cold,  damp 
climates  are  very  prone  to  phthisis. 

The  tendency  to  phthisis  may  be  inherited,  in  the 
form  of  constitutional  weakness,  or  of  a  narrow,  con- 
tracted chest.  Whether  heredity  can  do  more  than 
strongly  predispose  to  the  disease  is  very  doubtful. 
Tubercle  has  in  rare  instances  been  found  in  childix'u 
within  a  few  days  of  birth,  and  even  in  the  foetus. 
Various  observers  have  obtained  evidence  of  parental 
phthi.sis  in  from  15  to  30  per  cent,  of  the  cases  coming 
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•del'  their  notice,  but  this  proportion  is  scarcely 
I  Ificient  to  establish  the  proof  of  heredity.  A  family 
story  of  phthisis  is  obtainable  in  50  per  cent,  of 
•spital  cases  of  this  nature. 

Deaths  from  phthisis  are  most  frequent  in  spring 
March  and  April),  and  least  so  in  autumn  (September 
id  October).  The  seasonal  curve  of  mortality  is 
lereforo  later  than  in  the  ordinary  respiratory 
iseases,  but  it  serves  to  indicate  seasonal  conditions 
•celerating  death  rather  than  those  primarily  induc- 
es a  disease  of  long  and  uncertain  course. 

Bacteriology. — The  pathogenic  microbe  of  tuber- 
nlosis,  discovered  by  Koch  in  1882,  is  a  motionless, 
'uder,  beaded  bacillus  which,  under  suitable  con- 
itions^  forms  spores.  The  bacilli  are  very  slow  in 
fowth  and  multiplication,  taking  one,  two,  or  even 
liree  weeks  to  form  a  colony  on  artificial  media,  and 
liey  require  for  that  purpose  a  somewhat  high  tem- 
M'rature,  which  must  further  be  maintained  within 
laiTOw  limits,  about  37°  to  39°  C.    A  peculiarity  that 

ilistinguishes  them  from  all  other  bacilli  except  those 
jf  leprosy  and  syphilis  is  that  after  staining  with 
:uchsin  th(^y  are  not  decolorised  by  nitric  acid  (Ziehl- 
NNeelsen  method).  They  are  therefore  termed  acid-fast. 
irhere  are  in  addition  to  the  tubercle  bacillus  a  group 
f'Of  acid-fast  bacilli  allied  to  the  streptothrix  family. 
TThey  possess,  however,  characters  which  differentiate 
!  them  from  the  tubercle-bacillus.    These  latter  bacilli 
are  found  in  all  tuberculous  lesions,  both  in  man  and 
the  lower  animals.    They  have  been  found  also  in  the 
blood,  and  in  certain  secretions  (milk),  and  they 
abound  in  phthisical  sputa.    Cultivations  if  inocu- 
lated or  injected  into  susceptible  animals  reproduce 
the   disease.    The  bacilli  are  readily  destroyed  by 
imany  chemical  or  thermic  means,  and  by  prolonged 
>  exposure  to  sunlight,  but  the  spores  are  tenacious  of 
vitality. 
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Tuberculosis  can  bo  acquired  by  inoculation,  in- 
halation, or  swallowing.    Inoculation  is  coniparativ< 
rai'e,  and  usually  causes  a  local  lesion  only.  Inhalatiijii 
would  seem  to  be  by  far  the  most  common  source  of 
infection.     The  bacilli,  or  rather  their  spores,  ;< 
found  in  air-borne  dust,  especially  in  rooms  inhabii 
by  phthisical  persons.  The  daily  sputa  of  a  single  pati(  i ,  i 
may  contain  many  millions  of  bacilli,  and  drying  fni- 
months  will  not  destroy  their  virulence.    The  preva 
lence  of  the  pulmonary  form  of  tiiberculosis,  and  its 
close  relation  to  air-conditions,  are  not  without  signi- 
ficance, as  pointing  to  ^ir-borne  infection.  A  furtln  r 
analogy  to  the  ordinary  infectious  diseases  is  to  be 
found  in  the  sti'ong  evidence  which  has  been  adduced 
by  E,ansome  and  others  to  show  that  tuberculosis 
attaches  itself  to  particular  small  localities  ("  Tuber- 
culous Infective  Areas "),  houses,  and  even  rooms. 
The  bacilli  have  been  found  not  only  in  the  air  and 
dust,  but  in  the  walls  of  rooms  occupied  by  phthisical 
persons.    Coates  investigated  this  point  in  houses  in 
Manchester,  in  1900,  with  the  following  results  : — • 

(1)  Dirty  houses  in  which  a  consumptive  patient 
is  living  who  takes  no  precautions  to  dispose  of  his 
expectoration,  but  spits  freely  upon  the  floor  and  into 
his  pocket  handkerchief  :  In  66-6  per  cent,  of  the.se 
houses  virulent  tubercle  bacilli  were  found,  showing 
the  large  amount  of  dangerous  infective  material 
present  in  an  infected  house. 

(2)  Clean  houses  in  which  a  patient  is  living  who 
is  not  sufficiently  careful  as  to  the  disposal  of  his 
sputa  :  In  50  per  cent,  of  these  instances  the  bacillus 
was  found.  It  is  evident  that  ordinary  household 
cleanliness  alone  is  insufficient  to  prevent  the  accumu- 
lation of  infective  material  in  rooms  occupied  by  a 
consumptive. 

(3)  Very  dirty  houses  in  which  there  had  been  no 
case  of  consumption  for  some  years  :  In  this  class  of 


lap.  XIV.]  Phthisis.  4^7 


)use  no  tubercle  bacilli  were  present,  showing  that 
ii'ulent  dust  found  in  classes  1  and  2  must  have  been 
ue  to  the  presence  of  the  consumptive  patient. 

Niven  examined  the  records  of  5,000  deaths  from 
lis  cause  in  Oldham,  and  found  that  whereas  the 
lathematical  probability  was  that  68  houses  would 
e  invaded  twice,  and  7 '6  three  times,  the  actual 
umbers  were  274  and  24  respectively.  Many 
ther  workers  have  confirmed  this.  The  endemic 
reas  occur  chiefly  in  the  worst  parts  of  towns,  when 
lie  predisposing  conditions  already  referred  to  exist  in 
laximum  intensity.  Whenever  tuberculous  sputum 
s  allowed  to  dry  the  risks  are  therefore  great  that  the 
list  so  produced  may  be  inhaled  in  a  virulent  foi"m, 
nd  lodging  at  one  or  more  points  may  set  up  varying 
(iofrees  of  tuberculosis.  This  broad  fact  is  based 
pon  experimental  and  clinical  evidence.  Tubercu- 
jsis  has  been  produced  experimentally  in  animals  in 
his  way,  and  there  is  clinically  the  overwhelming 
requency  of  tuberculosis  of  the  lungs  among  men 
xposed  to  this  form  of  infection.  But  Koch, 
''liigge,  and  others  have  shown  that  not  only  is 
putum  a  source  of  infection  when  dried  and  pul- 
erised,  but  also  when  disseminated  by  coughing, 
houting,  etc.,  in  the  form  of  minute  moist  particles  of 
pray.*  Koch  exposed  rabbits,  guinea-pigs,  rats,  and 
nice  to  an  infected  spray  for  half  an  hour  on  three 
uccessive  days,  and  produced  tuberculosis  in  every 
.uimal.  Heymann  found  that  such  spray  particles 
l  om  human  beings  inoculated  into  guinea-pigs  pro- 
hiced  tuberculosis.  Most  of  the  droplets  are  large 
uid  settle  rapidly,  but  some  may  remain  suspended  in 
he  air  for  more  than  an  hour,  retaining,  of  course^ 

♦  Mervyn  Gordon  in  this  country  has  confirmed  these  results  by 
;)plying  a  streptococcus  test  for  saliva  (in  which  secretion  10  million 
:  reptococci  per  c.c.  may  commonly  occur).  Ho  linds  that  during  loud 
[leaking  bacteria  may  be  projected  by  means  of  salivary  -spray  a  distance 
■f  40  ft. 
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their  virulent  properties,  Heyniann  found  the  dura- 
tion of  life  of  the  bacilli  in  these  droplets  was  eighteen 
days  in  the  dark,  and  three  daye  when  exposed  to 
light.  Under  ordinary  circumstances  and  an  aVjsence 
of  draughts,  the  zone  of  danger  from  a  coughing  con- 
sumptive extends  to  a  distance  of  about  three  feet. 
It  must  be  remembered  that  the  tubercle  bacilli  in  the 
moist  particles  of  "  cough-spray "  are  probably  of 
higher  virulence  than  those  in  dried  sputum  dust,  and 
therefore  it  seems  reasonable  to  suppose  that  the 
cough-spray  is  one  of  the  most  ready  modes  of  infec- 
tion. The  degree  of  infectivity  of  phthisis  is  not, 
however,  a  very  high  one.  It  is  a  true  infective 
disease,  but  only  a  sub-infectious  one. 

There  is  still  much  doubt  as  to  the  frequency  of 
direct  infection  from  person  to  person,  but  none  as  to 
its  occasional  occurrence,  or  as  to  the  fact  that  almost 
all  persons  must  frequently  inhale  and  swallow  living 
tubercle-bacilli.  Fortunately  the  microbe  is  very 
slow  in  its  development,  and  exacting  in  its  require- 
ments as  to  temperature  and  surroundings,  so  that  the 
vast  majority  that  gain  entrance  to  the  respiratory 
tract  are  expelled  or  perish.  The  long  duration  of 
the  disease,  the  wide  and  general  diffusion  of  the 
virus,  the  paramount  importance  of  predisposing  con- 
ditions, and  the  difficulty  of  infection  in  their  absence, 
all  combine  to  render  obscure  the  time  and  source  of 
infection.  Statistics  are  inconclusive  even  in  regard 
■to  transmission  of  phthisis  between  husband  and 
wife. 

We  have  previously  referred  to  the  conveyance  of 
tuberculosis  by  milk  and  meat  {see  page  106).  The 
risk  of  contracting  the  disease  by  consuming  tuber- 
culous milk  and  meat  is  undoubted,  but  the  disease 
does  not  appear  to  be  widely  spread  by  these  meana 
As  regards  milk,  all  danger  of  infection  may  be 
obviated  by  boiling,  and  prevented  by  using  milk 
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om  tubercle-free  herds  only  (tested  by  tuherculin, 
hicli  is  a  glycerine  extract  of  dried  residue  of  young 
iltures  of  the  tubercle  bacillus).  The  cooking  to 
hich  meat  is  subjected  is  frequently  insufficient  to 
.stroy  bacilli  that  may  be  present  in  the  deeper 
irts. 

The  heavy  mortality  among  children  from  "  tabes 
esenterica"  {tubercular  jjeritonitis)  and  tubercular 

ningitis  is  urged  as  a  confirmation  of  the  extreme 
livalence  of  tubercular  disease,  but  it  is  probable 
I  at  both  of  these  terms  are  employed  in  the  loosest 
ly  in  making  out  certificates,  and  it  would  not  be 
t'e  to  place  much  reliance  upon  the  tubercular 
iture  of  the  majority  of  the  cases  so  certified, 
he  former  disease  (tubercular  peritonitis)  has 
■en  attributed  to  the  consumption  by  children 
'  tuberculous  milk.  Still,  however,  has  shown  that 
le  commonest  channel  of  infection  in  tuberculosis 
'  children  is  through  the  lung,  and  that  infection 
lOugh  the  intestine,  as  would  occur  if  it  were  milk- 
n-ne,  is  less  common  in  infancy  than  in  later  child- 
)od.  There  is,  however,  substantial  evidence 
I  at  tuberculous  milk  can  and  does  set  up  some  form 

tuberculosis  {bovine  or  human)  in  the  bodies  of 
•rsons  consuming  it. 

Tuberciilosis  often  ends  in  recovery.  The  records 
i  long  series  of  autopsies  of  persons  who  have  died 
f  other  diseases  show  that  traces  of  cured  phthisis 
i  o  found  in  a  proportion  variously  estimated  as ' 
•")  per  cent,  and  upwards.  It  is  not  in  any  degree 
rotective  against  a  further  attack. 

Bovine  and  human  ,  tuberculosis.  —  Since  the 
iscovery  by  Koch  in  1882  of  the  tubercle 
acillus,  it  has  generally  been  held  that  tuber- 
iilosis  in  man  and  animal  is  one  and  the  same 
isease.  Villemin  (1865)  was  the  first  to  maintain 
iiis  identity  on  the  results  of  inoculation  of  bovine 
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and  human  tubercular  matter  into  small  animals. 
Chauveau  (1868)  carried  out  similar  experiments 
upon  cattle.  Both  workers  were  successful  in  trans- 
mitting the  disease,  which  produced  similar  effects  in 
the  inoculated  animals.  Many  other  workers  have 
obtained  like  results,  Avhich  were  more  or  less  uni- 
formly in  support  of  the  identity  of  bovine  and  human 
tuberculosis.  The  Royal  Commission  on  Tuberculosi,s, 
1895,  said  :  "  We  regard  tlie  disease  as  being  the 
same  disease  in  man  and  the  food  animals,  no  matter 
though  there  are  differences  in  the  one  and  the  other 
in  their  manifestations  of  the  disease;  and  we 
consider  the  bacilli  of  tubercle  to  form  an  intesrral 
part  of  the  disease  in  each,  and  (whatever  be  its 
origin)  to  be  transmissible  from  man  to  animals  and 
from  animals  to  animals.  Of  such  transmission  there 
exists  a  quantity  of  evidence,  altogether  conclusive, 
derived  from  experiment." 

It  was,  however,  conceded  on  all  hands  that 
tuberculosis  was  a  more  virulent  disease  in  animals 
than  in  man,  and  that  the  bacillus  in  the  two  species 
differed  in  morphological,  biological,  and  pathological 
properties.  In '1901,  at  the  London  Congress  on 
Tuberculosis,  however,  Koch  expressed  the  opinion 
that,  "human  tuberculosis  diflfers  from  bovine,  and 
cannot  be  transmitted  to  cattle,"  and  that  bovine 
tuberculosis  was  scarcely,  if  at  all,  transmissible  to 
man.  On  the  same  occasion  counter-evidence  was 
produced  by  MacFadyean,  Ravenel,  Crookshank,  and 
many  others. 

Koch  based  his  opinion  iipon  the  negative  results  which 
followed  the  feeding  of  six  cows  with  human  tubercular  sputum, 
making  4  others  inhale  human  tubercle  bacilli  and  otherwise 
infecting  9  more.  None  of  the  19  cattle  suffered,  and  no 
tuberculosis  was  found  in  their  body  tissues  post-mortem. 
"When,  however,  such  cattle  were  infected  with  bovine  disease 
they  contracted  it.  Swine  were  also  fed  in  a  similar  way,  wilh 
like  results. 
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In  1902  Koch  again  emphasised  the  comparative  rarity  of 
rimary  intestinal  tuberculosis  in  the  human  being,  and  the 
jcal,  as  distinguished  from  the  general,  infective  nature  of 
iccidental  bovine  inoculation  of  man   {tuberculosis  verrucosa 
utis).     In  isolated  cases  the  nearest  lymph  glands  might 
ccome  aiiectod,  but  the  disease  remained  nevertheless  a  local 
ne.    Koch  further  expressed  the  view  that  if  bovine  tubercu- 
)sis  was  transmissible  to  man  by  means  of  the  milk  of  cows 
vith  tuberculous  udders,  it  would  be  reasonable  to  suppose 
hat  "  groups  of  illnesses  "  would  occur,  in  a  manner  analogous 
to  other  infective  diseases,  though  the  circumstances  would 
liifer  owing  to  the  different  length  of  the  incubation  periods, 
i'o  carry  conviction  as  to  milkborne  tuberculosis,  Koch  main- 
'  lins  that  the  following  conditions  must  be  fulfilled: — (i.) 
ertain  proof  of  tubercle  in  the  person  affected  ;  (ii.)  exclusion 
t'  other  sources  of  infection;  (iii.)  the  condition  of  all  the 
unsumers  of  the  suspected  milk  ;  (iv.)  the  exact  source  of  the 
suspected  milk,  particularly  in  respect  to  the  disease  of  the 
udder  of  the  cow  jdelding  the  milk.     Finally,  he  concludes 
that  all  that  can  be  said  at  present  is  that  the  injurious 
effects  of  milk  infected  with  bovine   tuberculosis  and  its 
products  are  not  proven. 

As  a  result  of  the  wide  diflferences  of  opinion 
revealed  by  the  pronouncement  of  Koch's  views, 

pecial  Commissions  of  Inquiry  were  instituted  in 
Germany,  Great  Britain,  and  other  countries,  in 
•iddition  to  the  individual  research  work  carried  out 
Ijy  many  workers. 

Kossel,  Weber,  and  Heuss,  who  carried  out  a 
comparative  research  upon  tubercle  bacilli  of  different 

n  igins  for  the  German  Imperial  Health  Office,  made 

I  number  of  exj)eriments  on  calves  by  injecting  some 
!urty  different  strains  of  human  bacilli  and  fifteen 

trains  from  cows,  fowls,  and  swine.  They  concluded 
(1904)  that  in  a  preponderating  number  of  cases  of 
liuman  tuberculosis  bacilli  occur  which  were  found 
ilistinguishable  from  the  bovine  bacilli  of  perlsucht 
morphologically,  culturally,  and  in  pathogenic  pro- 
perties, but  that  exceptionally  in  man  tubercle  bacilli 
Dccur  which  cannot  be  distinguished.    They  hold  that 
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the  possibility  of  infection  in  man  under  certain 
circumstances  by  milk  from  tuberculous  udders  is 
proved.  They  found  that  generalized  tuberculosis 
was  produced  in  animals  by  injecting  strains  of  tubercle 
bacilli  obtained  from  tuberculous  diseases  in  children. 

A  Royal  Commission  was  also  appointed  in  this 
country,  and  in  an  interim  report  (1907)  concluded  that 
bovine  and  human  tuberculosis  was  generically  one 
and  the  same  disease,  though  wide  variation  in  degree 
of  virulence  may  occur  ;  that  the  human  body  can  be 
infected  by  the  bovine  tubercle  bacillus  and  the  bovine 
body  by  the  human  tubercle  bacillus  ;  that  in  a  certain 
number  of  cases  human  tuberculosis,  especially  in 
children,  is  the  direct  result  of  the  introduction  of' 
the  bovine  bacillus,  introduced  in  the  majority  of  cases 
through  cow's  milk  ;  that  "  cow's  milk  containing 
bovine  tubercle  bacilli  is  clearly  a  cause  of  tuberculosis, 
and  of  fatal  tuberculosis  in  man  ;  "  that  a  very  large 
proportion  of  tuberculosis  contracted  by  ingestion  is 
due  to  tubercle  bacilli  of  bovine  source ;  that  a  very 
considerable  amount  of  disease  and  loss  of  life, 
especially  among  the  young,  must  be  attributed  to  the 
consumption  of  cow's  milk  containing  tubercle  bacilli ; 
and  that  on  this  account  the  findings  of  the  Oom- 
misrsion  point  clearly  to  the  necessity  of  measures  more 
stringent  than  those  at  present  enforced  being  taken 
to  prevent  the  sale  or  consumption  of  such  milk. 
(Second  Report  Royal  Commission  on  Tuberculosis, 
1907,  pp.  20-37.) 

Rabies  (hydrophobia).. — There  are  two  chief 
forms,  "furious"  and  "paralytic."  The  former  is  the 
commoner  in  dogs.  The  disease  is  comparatively 
rare  in  man,  but  is  one  of  interest  and  importance 
from  the  point  of  view  of  preventive  medicine.  There 
were  761  deaths  from  hydrophobia  in  England  and 
Wales  between  186G  and  1885,  Lancashire,  London, 
the  West  Riding,  and  Cheshire  being  the  principal 
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'  foci,"  whence  the  rest  of  the  country  was  subjected 
0  repeated  inroads.  There  were  no  deaths  due  to 
abies  in  this  country  during  the  six  years  1899-1904, 
'.xcept  two  in  1902.  In  the  decennium  ended  1890 
here  were  29  deaths  on  an  average  yearly. 

Hydrophobia  causes  most  deaths  at  ages  between 
ive  and  fifteen  years  ;  more  among  males  than  females  ; 
lud  more  in  late  summer  and  autumn  than  at  other 
oasons  {Longstciff). 

The  disease  is  imparted  to  man  by  the  bite  of 
abid  dogs  ;  or  more  rarely  of  rabid  cats,  foxes,  or 
.volves.     The   ordinary   incubation   period   is  six 
>veeks.     It  is  stated   to  have  been  as  short  as 
nie  week  in  children  bitten  about  the  face.  The 
lisease  almost  invariably  ends  in  death  within  a  few 
lays.    It  is  not  known  to  have  been  transmitted 
lom  one  human  being  to  another.    Bites  about  the 
ace  are  more  deadly  than    others,  and  in  such 
•ases  the  incubation  is  short.     The  danger  is  less 
.vhen  the  part  bitten  is  protected  by  clothing.  Taking 
july  cases  of  bites  by  animals  proved  beyond  doubt  to 
i  be  rabid  (the  proof  being  the  occurrence  of  a  genuine 
icase  of  rabies  in  some  person  or  animal  bitten  by 
Ibhem  or  inoculated  from  them),  hydrophobia  manifests 
Ititself  in  about  15  per  cent,  of  the  persons  bitten.  By 
jrmeans  to  be  described  presently,  this  mortality  may 
■be  greatly  reduced,  and  by  other  preventive  measures 
rabies  can  be,  and  has  been,  stamped  out  altogether. 

Pasteur  discovered  that  the  virus,  though  absent 
'rfrom  the  blood,  is  present  in  the  spinal  cord  of  rabid 
V  animals  as  well  as  in  the  saliva,  and  that  a  portion  of 
ithe  spinal  cord  of  a  rabid  animal  (or  human  being 
Idead  from  hydrophobia),  inoculated  beneath  the 
.dura  mater  of  a  rabbit,  imparts  the  disease  with 
certainty.  This  alone  would  be  important  as  a 
^certain  means  of  diagnosis ;  but  Pasteur  further 
idemonstrated  that  the  virulent  cord  gradually  loses  its 
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virulence  if  kept  in  perfectly  dry  air,  and  that  tliis 
attenuation  aiforded  a  means  of  curative  or  protective 
inoculation.  He  inoculated  at  short  intervals  with 
successively  more  and  more  virulent  material,  com- 
mencing with  very  attenuated  virus  (14  days  old), 
until  at  last  fresh  cord  was  employed.  It  is 
surmised  that  the  protection  is  due  to  a  chemical 
substance,  and  not  to  any  real  attenuation  of  the 
microbe.  However  this  may  be,  the  result  of  the 
course  of  inoculations — so  far  from  causing  rabies, 
as  a  single  inoculation  with  fresh  rabic  cord  would 
do — is  to  render  dogs  insusceptible  to  rabies.  The 
same  treatment  is  now  extensively  practised  in  regard 
to  pei'sons  bitten  by  rabid  animals ;  and  the  mortality 
among  such,  under  early  treatment,  is  no  longer  15, 
but  a  fraction  of  1  per  cent.  In  the  decennium 
1893-1902  an  average  of  1,450  pei'sons  were  treated 
annually  at  the  Pasteur  Institute  in  Paris  and  the 
rate  of  mortality  was  0'32  per  1,000. 

The  microbe  has  not  been  isolated  with  any  cer- 
tainty, although  both  micrococci  and  bacilli  have  been 
found  in  the  rabic  cord. 

Rabies  can  be  stamped  out  by  muzzling  all  dogs  for 
a  sufficient  length  of  time.  This  was  done  in  Sweden 
many  years  ago,  and  the  country  remains  free  from 
rabies.  Less  isolated  countries  are  subject  to  con- 
stant new  importations  of  the  disease  aci'oss  the 
frontiers,  but  the  success  of  repressive  measures 
has  been  very  great.  Thus  hydrophobia,  though 
formerly  prevalent,  has  been  unknown  in  Bei'lin 
since  1874,  and  the  Prussian  provinces  ai'e  practically 
free  except  on  the  eastern  (Russian)  frontier. 

In  England  several  local  attempts  wex-e  made 
in  the  same  direction,  but  none  upon  a  large  scale 
until  1890,  when  it  was  made  compulsory  for  a  time 
throughout  Lancashire,  Cheshire,  the  West  Riding, 
and  London,  and  was  followed  by  the  cessation  of 
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ibies.    In  London  muzzling  was  adopted  in  1885,  and 
>(>edily  put  an  end  to  the  prevalence  of  rabies.  The 
^  abies)  Order  of  1892,  issued  by  the  Board  of  Agri- 
ulture,  enables  county  authorities  to  make  regulations 
or  muzzling  and  other  preventive  measures. 

Olaildcrs  or  farcy,  as  affecting  man,  was  only  de- 
(  ribed  during  the  last  century.   Although  in  isolated  instances 
t  has  been  transmitted  from  one  human  being  to  another,  it  is 
iraetically  always  acquired  from  the  horse.    The  virus  does 
lot  appear  to  he  capable  of  aerial  transmission,  except,  perhaps, 
ir  very  short  ranges,  and  nothing  is  established  as  regards 
invection  by  water  or  milk.    Inoculation  is  the  almost  in- 
iriable  mode  of  infection  so  far  as  man  is  concerned  ;  but  it 
probable  that  this  may  sometimes  occur  without  abrasion  of 
>  in  or  mucous  membrane.    Among  animals  the  disease  spreads 
ipidly.    It  is  very  rare  in  man,  but  attended  with  an  extremely 
ligh  mortality,  which  is  stated  to  be  not  less  than  50  per  cent, 
n  chronic  cases,  and  not  far  from  100  per  cent,  in  the  acute 
^•ariety.     The  usual  incubation  ranges  from  three  to  eight 
lays,  and  is  shortest  in  acute  cases.    For  obvious  reasons,  men 
ire  much  more  liable  to  glanders  than  women  or  children. 
The  disease  affects  the  nasal  and  i-espiratorj^  mucous  mem- 
iranes,  and  also  the  lymphatic  glands.    When  the  latter  are 
I  ttacked  first,  the  disease  is  termed  farcy. 

Antlirax  affects  man  in  two  forms,  external  and 
iiternal.    External  anthrax,  or  "  malignant  pustule," 
las  its  usual  seat  about  the  face  or  neck,  and  is  no 
loubt  due  to  inoculation.    The  first  local  manifesta- 
ion  is  the  appearance  of  a  papule  or  vesicle,  which 
levelops  in  the  course  of  a  few  days  into  an  inflamed 
'ndurated  mass,  with  a  central  black  slough.  The 
order  may  be  fringed  with  vesicles  or  inflamed.  The 
surrounding  tissues   and  the  lymphatic  glands  ai-e 
swollen  and  indurated.   The  disease  may  remain  local- 
ised, and  end  in  resohition,  or  at  most  in  suppuration, 
[Usually,  however,  constitutional  symptoms  attend  its 
ourse,  and  general  infection  may  follow.  Occasionally, 
fiialignant  pustule  supervenes  upon  internal  anthrax, 
i  iitemal  anthrax  appears  to  be  due  to  inhalation  or 
o* 
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Kwallowiiig  of  the  poison.  After  a  very  variald 
incubation  period,  ranging  perhaps  from  two  to  twel\ 
days,  the  early  symptoms  are  chills,  weariness,  de- 
pression, restlessness,  and  a  feeling  of  constriction  in 
the  chest.  This  prodromal  stage  may  last  only  a  few 
hours,  but  more  usually  two  to  six  days,  and  then 
graver  symptoms  set  in  suddenly.  The  prostration  be- 
comes extreme  ;  pulse  and  respiration  are  rapid.  Tlie 
temperature  is  somewhat  elevated,  but  always  liable 
to  sudden  remissions,  accompanied  by  perspiration. 
The  patient  may  die  from  heart-failure,  or  brain 
symptoms  may  become  prominent,  or  pneumonia  or 
diarrhoea  may  supervene.  Remissions  may  occur. 
The  mortality  is  high,  but  recovery  may  happen  even 
in  serious  cases  The  protection  derived  from  an  attack 
is  very  slight,  if  any. 

Anthrax  received  the  name  of  "  wool-sorters' 
disease  "  from  its  prevalence  among  men  employed  in 
sorting  infected  foreign  wool  and  hair.  Tanners, 
butchers,  and  persons  engaged  in  handling  raw  hides 
or  horse-hair  are  liable  to  malignant  pustule. 

Anthrax  attacks  sheep,  goats,  pigs,  cattle,  and 
horses,  and  may  be  communicated  to  mice,  guinea- 
pigs,  and  many  other .  animals.  As  in  man,  the 
disease  may  be  either  localised  or  constitutional,  and 
in  the  latter  variety  enlai'gement  of  the  spleen  is  so 
prominent  a  characteristic  that  anthrax  is  known  as 
"splenic  fever."  A  field  may  become  infected  with 
anthrax,  and  healthy  animals  turned  into  it  after  the 
lapse  of  months,  or  even  years,  may  acquire  the 
disease.  The  infection  is  probably  imparted  to  the 
superficial  layers  of  the  soil  by  the  blood  or  secretions  of 
affected  animals,  in  which  the  resistant  spores  form. 
Pasteur  suggested  that  the  spores  from  buried  carcases 
are  brought  to  the  surface  by  earth-worms,  but  Klein 
has  found  that  spores  are  not  formed  under  such  con- 
ditions, and  that  within  a  week  all  bacilli  and  nil 
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ifectivity  have  been  destroyed  by  putrefaction,  if  the 
ircase  is  buried  intact.  Other  sources  of  infection 
f  animals  are  the  use  of  infected  dust  or  other  trade 
^fuse  as  manure,  and  drinking  from  streams  I'eceiving 
ifected  trade  effluents. 

Although  exact  evidence  is  wanting,  it  may  be 
ssumed  that  anthrax  can  be  acquired  by  eating  the 
.^sh  of  diseased  animals.  The  usual  modes  of  infec- 
ton  in  man  are  by  inoculation  and  inhalation,  and  it 
as  been  suggested  that  the  poison  may  be  carrieid  by 
ies  and  other  insects. 

Bacteriology. — The  pathogenic  organism  is  the 
lacillus  anthracis,  which  forms  spores  when  exposed 

0  air.  The  bacillus,  which  grows  readily  on  ordinary 
ledia,  is  square-ended,  1  p.  broad  and  4-5  long,  some- 
imes  in  filaments ;  aerobic,  non-motile,  liquefying ; 
'liefly  occurring  in  spleen  and  blood  stream, 
iid   readily    destroyed    by  heat   or    other  disin- 

1  cting  agencies,  though  the  spores  are  extremely 
■sistant.    It  has  been  found  that  animals  can  be 

iifected  by  inhaling  or  swallowing  the  spores,  but  not 
)y  the  bacilli  unless  there  is  some  abrasion  such  as  to 
llow  practically  of  inoculation.    Bacilli  are  destroyed 
)j  the  gastric  juice,  spores  are  not.    A  further  marked 
lifference  between  bacilli  and  spores  is  shown  by  the 
•csults  of  inoculation  [Klein).    The  former  cause  a 
light  and  localised  form  of  the  disease,  the  latter  a 
jovere  constitutional  malady,  which  is  usually  fatal. 
1  Thus,  the  fresh  blood  of  a  mouse  dead  of  anthrax 
contains  bacilli  only,  but   upon   exposure   to  air, 
P3r  artificial  cultivation,  spores  are  readily  formed, 
inoculation  of  the  fresh  blood  into  sheep  is  followed 
5>y  slight  local  anthrax,  but  if  blood  containing  spores 
?js  used  a  fatal  attack  ensues.     Moreover,  if  two 
Jinimals  of  the  same  species  are  inoculated,  one  with 
ppores  of  a  broth  culture  and  the  other  with  bacilli  of 
.  I  gelatine  culture,  the  blood  bacilli  of  the  latter  will 
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be  more  attenuated  than  the  former.  But  apart 
from  this,  anthrax  virus  varies  in  intensity  according 
to  the  animal  from  which  it  is  taken.  Comparing  the 
results  of  inoculation  with  virus  from  mice,  guinea- 
pigs,  sheep,  and  cattle,  it  is  found  that  virulence 
increases  in  the  order  stated,  mouse  anthrax  being  the 
least  and  cattle  anthrax  the  most  potent. 

Martin  has  shown  that  the  Bacillus  anthracis  pro- 
duces albumoses,  which  in  turn  yield  toxins  much 
more  virulent  than  themselves.  Sclavo  of  Siena  has 
prepared  an  anti-anthrax  serum  from  which  excellent 
results  have  been  obtained,  reducing  case  mortality 
from  24  to  6  per  cent.  The  animal  used  for  immuni- 
sation is  the  ass,  which  is  inoculated  with  slowly 
increasing  doses  of  virulent  cultures  of  the  anthrax 
bacillus.  Blood  is  drawn  from  the  left  jugular  vein, 
and  after  clotting  the  serum  is  decanted  and  ether 
added  to  the  extent  of  3  per  cent,  of  the  whole  bulk. 
The  serum  is  then  bottled  with  antiseptic  precautions 
in  10  c.c.  tubes. 

In  external  anthrax  early  excision  is  of  the 
greatest  importance,  and  usually  results  in  recovery. 

Cases  of  anthrax  in  horses,  cattle,  sheep,  pigs,  etc., 
are  dealt  with  under  the  Anthrax  Order  of  1899, 
issued  by  the  Board  of  Agriculture,  The  owner  reports 
the  outbreak  to  the  inspector  specially  appointed  for 
the  purpose  by  the  local  authority.  It  is  the  inspec- 
tor's duty  to  inform  the  M.O.H.  and  to  direct  pre- 
cautionary measures  as  to  isolation,  disinfection, 
and  destruction  of  the  carcase,  as  prescribed  in  the 
Order. 

T'ctaiiiis. — Tetanus  occurs  in  man  and  horses 
most  commonly,  though  it  may  affect  other  animals. 
There  is  usually  a  woitnd,  often  an  insignificant  one, 
which  may  occur  in  any  part  of  the  body,  but  is  nearly 
always  on  one  or  other  of  the  limbs.  It  is  not  the 
locality  of  the  wound  nor  its  size  that  aflecis  the 


;  k  ;hap.  XIV.]  Tetanus.  429 

3  iiiseasc.    Wounds  which  are  jagged,  and  occurring  in 
+  iibsorptive  tissues,  are  those  most  fitted  to  allow  the 
:■  .entrance  of  the  bacillus.    The  wound  forms  a  local 
u  manufactory,  so  to  speak,  of  the  bacillus  and  its 
t  t.ecreted  poisons  ;  the  bacillus  remains  in  the  wound, 
out  the  toxins  may  pass  throughout  the  body,  and  are 
j  'especially  absorbed  by  the  cells  of  the  central  nervous 
!  >}ystem.    Suppuration  generally  occurs  in  the  wound. 
I  .Vifter  a  few  days  or,  it  may  be,  as  much  as  a  fortnight, 

■  iwhen  the  primary  wound  may  be  almost  forgotten, 
ijeneral  symptoms  occur.    Their  appearance  is  often 

'  tohe  first  sisn  of  the  disease.  Stiffness  of  the  neck  and 
)  ficacial  muscles,  including  the  muscles  of  the  jaw,  is  the 
:  itmost  prominent  sign.  This  is  rapidly  followed  by 
I  sspasms  and  local  convulsions,  which,  when  affecting 
I  tthe  respiratory  or  alimentary  tract,  may  cause  a  fatal 

■  rresult.  Fever  and  increased  rate  of  pulse  and  respir- 
i  nation  are  further  signs  of  the  disease  becoming  general, 
p  -  After  death,  which  results  in  the  majority  of  cases, 
e  t  there  is  very  little  to  show  the  cause  of  fatality.  The 
t  vvvound  is  observable,  and  patches  of  congestion  may 
[  1  be  found  on  different  parts  of  the  nervous  system, 
i  \  particularly  the  medulla  (grey  matter),  pons,  and  even 
^  '  Cerebellum.  The  experience  of  the  Pasteur  Institute 
b  t  tends  to  support  the  theory  that  tetanus  is  a 
i  • "  nervous "  disease,  more  or  less  allied  to  rabies, 
j  and  is  best  treated  by  intra-cerebral  injection  of 
i  antitoxin,  which  then  has  an  opportunity  of  oppos- 
5  ing  the  toxins  at  their  favourite  site.    The  toxins 

diffuse  throughout  the  tissues,  of  the  body,  but  par- 
citicularly  affect  the  spinal  cord.    The  long  incubation 
■iperiod  indicates  that  the  toxins  are  probably  produced 
bby  a  ferment  which  is  a  most  powerful  poison. 

Tetanus  bacilli  spores  have  been  found  in  con- 
^siderablc  quantities  in  the  dust  of  dry  jute  fibre 
( (Andrewes),  and  various  cases  are  on  record  where 
tthe  disease  has  been  contracted  in  jute  mills.  Legge 
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attributes  the  pi'esence  of  the  bacilli  to  the  soil  in 
which  the  jute  is  grown  in  Bengal, 

In  the  wound  the  bacillus  is  present  in  lai-ge 
numbers,  but  mixed  up  with  a  great  variety  of  sup- 
purative bacteria  and  extraneous  oi-ganisms.  It  is  a 
straight  short  rod  with  rounded  ends,  occurring  singly 
or  in  paii's  or  threads,  and  slightly  motile.  Flagella 
may  be  demonstrated  (lateral  and  terminal).  Branching 
also  has  been  described.  Indeed,  it  would  appear  that, 
like  the  bacillus  of  tubercle,  this  organism  has  various 
polymorphic  forms.  A  large  round  spore  occurs  at 
one  or  other  pole  of  the  bacillus  ("drumstick" 
appearance).  The  spores  are  very  resistant.  The 
bacillus  is  an  anaerobe,  and  grows  at  blood  heat.  In 
some  soils  it  is  common,  and  infection  has  frequently 
been  dei'ived  from  dust  in  jute  factories,  etc.  The 
disease  is  more  common  in  hot  countries  than  in 
temperate  climates,  and  can  frequently  be  induced 
in  animals  experimentally,  by  inoculation  of  a  little 
garden  earth,  manure,  refuse,  or  soil. 

Puerperal  fever. — In  1891-1900  the  mortality 
from  puerperal  sepsis  and  childbirth  averaged  5-09 
per  1,000  births,  which  was  higher  than  in  any  of  the 
three  preceding  decennia.  This  result  is  due  in  large 
measure  to  differences  of  certification  and  collection 
of  statistics. 
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CHAPTER  XV 

Tropical  Diseases 

IIn  this  chapter  will  be  considered  briefly  some  of  the 
ichief  tropical  diseases.  Many  diseases,  such  as 
{pneumonia,  diarrhoea,  relapsing  fever,  typhus  and 
t  typhoid,  occur  of  course  in  sub-tropioal  and  tropical 
t  countries ;  but  such  diseases  as  cholera,  yellow  fever, 
plague,  malaria,  and  leprosy  may  rightly  be  con- 
isidered  as  more  correctly  "  tropical  "  diseases, 

Asiatic  cholera  has  its  endemic  area  in  certain 
parts  of  India,  including  the  d^lta  of  the  Ganges, 
The  first  great  epidemic  in  India  occurred  in  1817. 
At  irregular  intervals  it  spreads  in  epidemic  or  pan- 
demic form  over  a  great  part  of  the  world.  It 
follows  the  lines  of  traffic  by  land  or  water,  but  no 
reason  has  been  found  for  the  apparently  capricious 
selection  of  some  routes  and  omission  of  others.  The 
invasion  of  each  new  country  along  its  line  of  march 
is  almost  invariablv  traceable  to  infection  through 
some  point  of  communication  with  a  country  already 
attacked.  In  temperate  climates  the  outbreak  often 
subsides  or  disappears  in  winter,  but  frequently  re- 
appears with  the  warm  weather  in  the  late  spring 
or  early  summer ;  and  may  even  recur  again  in  the 
third  year,  apparently  without  fresh  introduction. 

Cholera  gained  a  firm  footing  in  England  on  four  occasions, 
•  viz.  1831-2,  1848-9,  1853-4,  and  1865-6,  the  epidemic  extension 
from  India  having  occupied  respectively  five,  two,  one,  and 
two  years  in  transit. 

In  1831  infection  was  catried  to  Sunderland  and  Newcastle, 
from  Baltic  ports,  in  October,  and  in  the  course  of  the  next 
year  caused  great  mortality  throughout  the  kingdom.  The 
system  of  registration  of  deaths  was  not  then  in  operation,  but 


t 


4^:2       Hygiene  and  Public  Health.    [Chap.  xv.  | 

1 
I. 

according  to  Hirsch,  tho  total   mortality  in  England  was  { 
30,924.    In  1848  Hull  was  infected  from  Hamburg  early  in  i 
October,  and  the  disease  at  once  spread.    Only  988  deaths  were  I 
recorded  in  England  from  October  to  March,  but  the  ei)idcmic  I 
made  rapid  progress  in  the  summer,  and  before  its  final  di.s-  I 
appearance  in  December,  1849,  it  had  caused  53,293  deaths,  ] 
besides  a  heavy  diarrhoea  mortality,  part  of  which  may  bi; 
supposed  to  have  been  due  to  cholera.  In  1853-4  the  invasion  was 
again  from  Germany,  London  being  attacked  in  August.  Tho 
outbreak  continued  through  the  winter,  especially  in  the  nortli ; 
became  more  active  in  July,  1854,  and  overran  the  country, 
causing  during  the  year  20,097  deaths  in  England  and  Wales. 
The  1865-6  epidemic  was  milder,  but  still  resulted  in  14,378 
deaths. 

On  several  other  occasions  the  disease  has  invaded  Europe, 
but  failed  to  reach  England,  notably  in  1871-4  and  1884-7.  In 
1892  it  again  spread  to  many  parts  of  Western  Europe,  notably 
Hambiu-g,  but  apart  from  imported  cases  none  appeared  in 
England  until  September,  1893,  when  a  few  occurred  at 
Grrimsby,  Hull,  and  elsewhere.  Since  then  only  small  isolated 
outbreaks  have  occurred  in  this  country. 

,  Climate,  season,  and  temjyeraiwe. — Heat  is  a  pre- 
disposing condition  of  great  importance,  but  cold  does 
.not  necessarily  arrest  the  disease.  Severe  epidemics 
have  occurred  in  Sweden  and  Russia  in  tlie  deptli  of 
winter. 

Even  in  India  the  seasonal  curve  of  cholera  prevalence  is 
by  no  means  always  parallel  with  that  of  temperature.  In 
Bombay  the  maximum  of  cholera  deaths  is  in  April ;  in  the 
N.W.  Provinces  and  the  Deccan  in  August ;  in  Madras  there 
are  two  maxima,  in  February  and  September ;  and  in  Calcutta 
a  chief  maximum  in  April  and  a  smaller  one  in  November. 
In  all  these  regions,  except  one,  the  highest  mean  temj)eraturc 
is  reached  in  May ;  in  the  N.W.  it  is  in  June.  In  Madras 
cholera  mortality  is  at  its  minimum  in  June,  w  hen  the  mean 
temperature  is  at  its  highest.  In  Europe,  as  a  rule,  epidemics 
attain  their  maximum  in  August,  but  sometimes  in  September 
tjr  July. 

Rainfall  also  has  a  marked  influence  upon  the 
'|)r6valence  of  cholera,  and  supplies  a  clue  to  many  of 
the  discrepancies  mentioned  above.    In  Calcutta  the 
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tx)nset  of  the  raiiiy  season  in  April  and  May  is 
aattencled  with  lowered  cholera  prevalence,  although 
tthe  temperature  is  still  rising ;  and  cholera  increases 
:iagain  in  November,  when  the  rains  terminate, 
;u,lthough  the  temperature  is  then  falling.  In  the 
}N.  W.  Provinces  the  maximum  cholera  mortality 
(.coincides  with  tlie  maximum  rainfall  in  August,  two 
imonths  later  than  the  highest  mean  temperature. 
(.Outbreaks  during  the  dry  season  in  the  N.  W.  are 
lusually  associated  with  sudden  rains.  Both  tempera- 
tture  and  rainfall  are  indirect  or  predisposing  causes 
I  only,  and  the  maximum  of  either  may  actually 
(Coincide  with  small  prevalence  of  cholera.  This 
iis  readily  explained  if  we  assume,  with  Pettenkofer, 
tthat  moisture  of  the  soil  (as  distinguished  from 
'dryness  or  saturation),  heat,  aeration,  the  presence 
I  of  organic  matter,  and  the  specific  poison  itself,  are 
ithe  essential  telluric  conditions  for  the  propagation 
lof  cholera.  Rainfall  sufficient  to  saturate  the  soil 
( {i.e.  to  raise  the  level  of  the  ground  water)  will  tend 
tto  arrest  cholera,  however  high  the  temperature  may 
'  be  ;  but  so  long  as  it  merely  moistens  a  previously  dry 
ssoil,  the  other  conditions  being  present,  rain  is  apt 
tto  induce  an  outbreak.  Given  a  moist  soil,  pro- 
1  longed  heat  and  drought  may  be  the  conditions 
1  most  conducive  to  cholera. 

Soil. — A  direct  relation  between  earth  tempera- 
;  ture,  at  a  depth  of  3  to  6  feet,  and  the  prevalence  of 
cholera  during  an  epidemic,  has  been  affirmed  by 
PfeifFer  as  regards  England  and  Prussia.  Pollution, 
and  especially  animal  pollution,  of  the  soil  is  doubtless 
an  important  factor.    The  subsoil  water,  according  to 
!  Pettenkofer,  by  its  movement  affects  very  materially 
•  the  development  of  cholera  as  well  as  enteric  fever. 

In  a  dry,  porous  soil  its  influence  may  be  trifling,  but 
1  in  general  its  fall — especially  after  great  height— 
i  leaves  the  soil  above  it  moist  and  aerated,  and  is 
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therefore  favourable  to  cholera  if  the  other  conditions 
are  present.  Its  rise  to  a  higli  level  has  the  reverse 
effect.  The  level  of  the  ground  water  in  Calcutta 
is  highest  in  September,  lowest  in  May,  and  therefore 
accords  closely  with  the  inverse  relation  to  cholei-a 
affirmed  by  Pettenkofer. 

Epidemics  are  especially  apt  to  follow  the  banks 
of  rivers  and  lakes,  whether  navigable  or  not.  Hilly 
regions  seem  to  escape  frequently,  although  outbreaks 
may  occur  on  high  ground.  The  influence  of  eleva- 
tion is  often  recognisable  even  in  the  distribution  of 
cholera  in  a  single  town. 

Particular  quarters,  streets,  and  even  houses  are 
often  selected  for  attack  in  a  town  invaded  by  cholera, 
and  the  selection  can  ixsually  be  explamed  by  the 
existence  of  some  tilth  condition  in  or  about  the  houses, 
some  pollution  of  water  supply,  or  other  insanitary 
condition. 

Drinking-water  has  been  closely  associated  with 
several  outbreaks  of  cholera  in  England  and  India. 

A  few  classical  instances  may  be  quoted  here.  The  1849 
epidemic  was  very  fatal  in  a  part  of  London  supplied  mainly 
by  two  water  companies — the  Southwark  and  the  Lambeth — 
both  of  which  distributed  polluted  Thames  water  after  imper- 
fect filtration.  The  incidence  of  cholera  was  substantially  the 
same  upon  the  customers  of  both  companies,  whose  mains 
supplied  the  same  districts  and  even  houses  in  the  same  streets. 
In  1854,  however,  the  population  supplied  by  the  Southwark 
Company  suffered  in  14  weeks  a  mortality  from  cholera  of  13  0 
per  1,000,  and  the  customers  of  the  Lambeth  Company  only 
3-7  per  1,000.  The  disease  singled  out  the  houses  supplied  by 
the  iSouthwark  Company,  whose  intake  remained  as  in  1849; 
while  the  Lambeth  Company  had  in  the  meantime  obtiined  a 
purer  supply  from  a  point  many  miles  higher  up  the  river. 

The  186G  epidemic  in  London  chiefly  affected  Poplar,  and 
Netten  iiadcliffe  found  a  similarly  close  coincidence  between 
the  area  afiected  and  the  distribution  of  polluted  water  by  the 
East  London  Comimny.  In  1854  a  sudden  and  intense 
outbrealc  occurred  among  the  inhabitants  of  a  small  area  near 
Golden  Square,  upwards  of  400  persons  being  attacked  within 
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fifive  days.  The  incidence  of  the  disease  was  limited  to  those 
iwlio  had  drunk  the  water  from  a  pump  in  Golden  Square — 
Idncluding  persons  residing  at  a  distance  who  had  sent  for  the 
»watcr — and  upon  investigation  the  well  was  found  to  be 
ipolluted  with  sewage.  A  few  fatal  cases  had  occurred  in  the 
^vicinity  diu'ing  the  month  previous  to  the  outbreak,  and  there 
»was  strong  probability  of  specific  pollution  of  the  well. 

More  recently,  the  experience  of  Hamburg,  Altona  and 
c  other  places,  has  afforded  further  proof  of  the  possibility  of 
ccouvection  of  cholera  on  a  large  scale  by  drinking-water. 

Air  has  been  regarded  as  the  usual  means  of  con- 
\vection,  but  there  is  no  clear  evidence  of  this,  and 
1  many  facts  are  opposed  to  it. 

Race. — The  incidence  and  severity  are  greater 
t  among  negroes  than  Europeans,  but  apparently  less 
c  among  natives  of  hot  countries  in  which  cholera 
1  occurs  than  among  European  settlers. 

Insanitary  condifAons    of    air,  water,  food  (in- 
( eluding  milk),  soil,  drainage,  and  housing  determine 
•  the  points  of  attack.    Hence  the  disease  attacks  more 
'  especially  the  poorest  quartei^s  of  towns.  Excre- 
mental  filth  is  most  dangerous  of  all. 

The  poison  doubtless  gains  access  to  the  system 
by  inhalation  or  swallowing.  The  incubation  period 
is  stated  to  be  usually  a  few  hours  to  three  days,  but 
may  reach  ten  or  even  twenty  days  {Parkes).  The 
mortality  is,  as  a  rule,  not  far  short  of  50  per  cent,  of 
the  cases,  and  may  be  greater.  Infection  is  given  off 
in  the  discharges  from  the  bowels,  and  probably  in  the 
vomit  also.    These  may  infect  water,  soil,  or  fomites. 

Bacteriology. — Koch  isolated  from  cholera  dis- 
charges a  microbe  which  from  its  shape  received  the 
name  of  "comma"  bacillus.  It  is  a  curved  rod, 
often  about  lialf  tlie  length  of  the  tubercle  bacillus, 
and  motile.  Strictly  speaking,  the  "comma"  bacilli 
are  segments  of  a  spirillum  or  vibrio,  and  not  true 
bacilli.  They  are  present  in  choleraic  evacuations, 
generally,  if  not  always,  in  spirillum  form.  They 
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occur  in  the  intestinal  wall  and  in  the  detached 
liakes  of  mucous  membrane,  in  which  they  often  He  in 
parallel  arrangement,  creating  the  *'  fish  in  stream 
appearance  "  under  the  microscope.  They  do  not 
occur  in  the  blood,  and  but  little  in  the  body 
generally.  They  have  been  found  in  wells  jjoUuted 
by  choleraic  excreta.  They  can  be  i-eadily  culti- 
'vated,  and  have  a  characteristic  mode  of  growth  : 
they  flourish  in  sewage,  and  have  been  found  to 
survive  for  81  days  in  Marseilles  harbour  water,  but 
disappear  in  a  few  days  from  pure  water  (Frankland). 

The  bacillus  liquefies  gelatine  and  grows  in  in- 
volution forms,  but  does  not  produce  spores.  It  is 
stained  by  ordinary  aniline  dyes  but  not  by  Gram's 
method.  In  cultures  it  grows  aei'obically,  and  pro- 
duces nitrates,  but  can  be  acclimatised  to  anaerobic 
conditions,  and  is  then  more  virulent  but  less 
resistant.  The  organism  produces  characteristic 
growth  on  the  ordinary  media  and  produces  indol, 
which,  with  the  nitrates,  gives  a  red  reaction  on 
addition  of  sulphuric  acid  (nitroso-indol).  This  test 
is  known  as  "  the  cholera-red  i-eaction."  The  bacilli 
are  killed  by  acid  liquids,  so  that  they  cannot  live  in 
l^resence  of  the  acid  gastric  juice,  but  it  has  been 
shown  that  the  contents  of  the  stomach  may  remain 
alkaline  if  only  liquids  are  taken.  Koch  neutralised 
the  gastric  juice  of  fasting  guinea-pigs  by  alkali, 
checked  the  peristalsis  by  opium,  and  then  introduced 
cultivations  of  "comma"  bacilli  into  the  .stomach. 
The  animals  died  in  a  day  or  two,  the  intestines 
being  filled  with  fluid  containing  numbers  of 
"  comma  "  bacilli.  Infected  water  and  milk,  and  in 
one  case  an  artificial  .culture,  have  been  found  to 
convey  infection.  It  is  possible  also  infection  may 
occasionally  occur  through  the  respiratory  tract,  but 
this  is  certainly  not  the  ordinaiy  mode. 

The  "  comma  "  bacillus  is  readily  destroyed  by  heat 
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)i>r  other  disinfectants,  or  by  mere  drying.  The 
wrganism  can,  however,  resist  cokl.  Spores,  if  ever 
c'ornied,  would  doubtless  be  more  resistant.  Em- 
aaierich  has  found  in  cholera  evaciiations  another  still 
imore  minute  bacillus,  straight  and  immobile,  which 
bhe  regards  as  pathogenic  in  cholera. 

That  the  comma  bacillus  is  pathogenic  in  Asiatic 
ccholera  seems  to  be  proved  by  the  unintentional' 
i infection  of  a  worker  in  Koch's  laboratory  from 
aa  culture  of  comma  bacilli,  under  conditions  that 
t  excluded  other  sources  of  infection.  This  bacillus  has 
ibeen  "intensified"  in  various  ways,  and  is  then  patho- 
igenic  to  lower  animals,  including  dogs  and  rabbits, 
'It  has  also  been  attenuated,  and  a  protective 
"  vaccine "  has  been  obtained.  HafFkine  prepares 
two  vaccmes,  the  weaker  of  which  is   made  from 

■  cultures  of  the   bacillus  attenuated  and  the  virus 

■  exalte  from  similar  cultui"es  the  virulence  of  which  has 
t  been  increased  by  passage  through  animals.    The  first 

vaccine  is  inoculated  and  followed,  three  or  four  days 
;  afterwards,  bv  the  second. 

Broadly,  the  reasons  for  believing  Koch's 
comma  bacillus  to  be  the  cause  of  cholera  are 
(a)  its  constant  presence  in  cases  of  the  disease, 
(6)  the  results  of  accidental  infection,  (c)  the  agglu- 
tinative and  protective  properties  of  the  serums  of 
cholera  patients,  and  {d)  the  result  of  Hafi'kine's  pre- 
ventive inoculation  with  his  two  vaccines. 

Cholera  nostras  is  the  name  given  to  a  form  of 
diarrhoea  endemic  in  Egypt  and  elsewhere.  It  does 
not  spread  in  epidemic  form,  nor  does  it  cause  high 
mortality.  Finkler  and  Prior  have  detected  in  the 
evacuations  a  "  comma "  bacillus,  which,  however, 
differs  in  size  and  mode  of  growth  from  Koch'g. 

Yellow  fever  has  its  endemic  areas  in  the  West 
Indies  and  certain  parts  of  the  Mexican  and  West 
Afj-ican  coasts,  and  frequent  and  intense  epidemics 
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occur  between  33°  N".  and  23''  S. — that  is,  from 
Charleston  to  Rio  Janeiro.  It  is,  tlierefore,  essentially 
a  tropical  disease,  but  has  occasionally  occurred  in 
epidemic  form  as  far  north  as  43''  N.,  at  Leghorn  and 
at  Portsmouth  in  New  Hampshire,  and  a  few  isolated 
cases  occui'red  at  Swansea  (51°  N.)  in  1864  among 
])ersons  who  came  into  dii'ect  contact  with  infected 
vessels.  Among  Euroj)ean  countries  only  Spain  and 
Portugal  come  practically  within  its  epidemic  range. 
Infected  ships  reach  European  ports,  but  without 
causing  any  spread  of  the  disease. 

In  the  endemic  area  the  greatest  prevalence  is  between 
April  and  September,  but  in  higher  latitudes  the  epidemics 
occur  in  summer  and  autumn,  beginning  usually  in  July  and 
August  and  never  lasting  beyond  December.  It  is  only 
endemic  in  regions  where  the  mean  temperature  reaches  20"  0. 
(68°  F.),  and  epidemics  do  not  as  a  rule  occur  in  any  latitude 
unless  the  temperature  is  above  that  point.  A  fall  below 
20°  C,  however,  will  not  necessarily  arrest  the  course  of  an 
epidemic  when  once  begun,  though  it  will  usually  cause  a 
remission,  but  frost  always  arrests  it  more  or  less  completely. 
According  to  Hii-sch,  atmospheric  humidity  and  rainfall  are  as 
a  rule  favourable  to  yellow  fever,  unless  accompanied  by  great 
lowering  of  temperature.  With  few  exceptions  the  incidence 
of  the  disease  is  limited  to  tbe  sea  coast  and  the  shores  of 
great  navigable  rivers;  only  in  intense  epidemics  does  it  affect 
elevated  points.  Even  in  the  West  Indies  it  rarely  extends  as 
bigh  as  700  feet  above  the  sea. 

Yellow  fever  is  a  disease  of  towns,  and  has  a  strong 
tendency  to  localise  itself  in  certain  quarters,  streets, 
or  blocks  of  houses.  Successive  epidemics  frequently 
single  out  the  same  local  foci.  As  a  rule  these  are  in 
the  filthiest  and  most  crowded  parts,  where  insanitary 
conditions  of  every  kind  abound,  and  more  especially 
excremental  pollution  of  the  air,  soil,  and  water. 
Outbreaks  frequently  occur  on  board  ship,  and  if  viru- 
lent are  usually  associated  with  similar  filth  conditions. 

Telluric  conditions  have  probably  some  influence, 
but  it  is  not  known  to  be  conveyed  by  drinking- 
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\water.  Some  authorities  believe  that  wind  can  carry 
tthe  infection  for  short  distances. 

Negroes,  and  perhaps  also  Chinese,  have  a  re- 
imarkable  immunity  from  yellow  fever.    Strangers  of 
oDther  races,  and   especially  those   from  temperate 
eslimates,  are  very  liable  to  attack.    They  may  acquire 
iia  considerable    and  increasing  degree  of  immunity 
Iby    "  acclimatisation,"   but   for  this  it  appears  to 
Ibe  essential  that  they  reside  in  a  yellow-fever  dis- 
ttrict  for  some  years,  including  an  epidemic  period, 
lit   is  possible  that  natives   gain   their  immunity 
iin   the   same  way  during  childhood.     Those  who 
lhave  undergone  an  attack  are  safest  of  all.  It 
sseems,  however,  that  negroes  as  well  as  other  persons 
imay  lose  their  immunity  by  a  few  years'  residence  in 
t  temperate  climates,  and  even  by  migration  from  one 
; yellow-fever  district  to  another.    Both  susceptibility 
:  and  severity  of  attack  are  found  to  increase  in  inverse 
1  proportion  to  the  temperature  of  the  native  country. 
In  Guiana  the  case  mortality  among  West  Indians  was 
7  per  cent.,  Italians  and  French  17  per  cent.,  English 
19  per  cent.,  Germans    and   Dutch  20  per  cent., 
Scandinavians  and  Russians  28  per  cent.    Young  and 
vigorous  persons  are  said  to  be  especially  liable  to 
;  attack,  and  men  more  so  than  women. 

Yellow  fever  follows  almost  exclusively  the  lines 
of  maritime  traffic,  and  is  not  carried  far  by  land.  It 
is  certain  that  ships  may  become  infected  and  retain 
the  infection  with  much  tenacity,  and  baggage  and 
other  fomites  have  been  known  to  convey  infection 
without  the  intervention  of  infected  persons.  That  a 
person  whether  infected  or  not  may  carry  the  in- 
fection with  him  appears  to  be  undoubted,  but  the 
most  intimate  contact  with  the  sick,  wearing  their 
unwashed  clothes,  occupying  the  same  beds,  making 
autopsies,  and  even  inoculating  the  vomit,  may,  so  it  is 
alleged,  fail  to  impart  the  disease. 
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The  incubation  is  stated  to  vary  greatly,  from 
two  or  tliree  to  fourteen  or  sixteen  days.  The 
attack  is  sudden,  with  high  fever  and  intense  liead- 
ache  and  lumbar  and  spinal  pains.  Vomiting  sets  in 
early,  becomes  incessant,  and  in  tlu'ee  or  four  days 
blood  is  seen  in  the  vomited  mattei^,  and  often  in  the 
ffeces.  The  urine  is  albuminous,  and  scanty  or  sup- 
pressed. Jaundice  follows,  and  the  patient  passes  into 
a  typhoid  state.  A  large  proportion  of  the  cases 
end  fatally,  the  rest  in  lysis  and  convalescence  in 
two  or  three  weeks. 

Bacteriology. — The  etiology  of  yellow  fever  is 
obscure,  but  two  theories  share  at  the  present  time 
the  chief  support ;  the  first  is  that  the  disease  is  due 
to  Sanarelli's  Bacillus  icteroides,  the  second  (and 
more  probable)  that  it  is  due  to  a  protozoan  parasite, 
conveyed  by  a  species  of  mosquito. 

Sanarelli's  bacillus  is  an  anaerobic,  motile,  non^ 
liquefying,  resistant  organism,  obtained  from  the 
blood  and  tissues  (not  the  alimentary  canal)  of 
persons  suffering  from  yellow  fever.  It  grows  on 
ordinary  media  and  ferments  sugar.  It  is  decolorised 
by  Gram's  staining  method.  Sanarelli  holds  that 
moulds  are  the  "  natural  protectors  "  of  the  bacillus. 

In  1901  the  United  States  Army  Commission 
reported  that  whilst  B.  icteroides  was  not  always 
present  in  yellow  fever,  the  blood  appeared  to  contain 
the  virus,  and  retained  it  after  being  passed  through 
a  Berkefeld  filter.  The  commission  further  reported 
that  the  disease  was  not  communicable  by  direct 
contact,  but  probably  by  mosquitoes,  as  in  malaria. 
The  species  of  mosquito  suspected  was  tlie  Stegomyia 
fasciata.  Preventive  measures  were  adopted  in 
Havana  on  the  mosquito  hypothesis,  with  the  re- 
markable result  that  the  disease  was  stamped  out. 
Guiteras  of  Havana  has  carried  out  further  experi- 
ments   which    confirm    many  of  the  Commission's 
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f  iidings,  and,  in  particular,  the  transmission  of  the 
[i  isease  by  mosquitoes.     A   United   States  Army 
|r  Expedition  reinvestigated  the  subject  in  1902-3,  and 
'  eported  that:  (1)  Bacteriological  examination  of  the 
ilood  during  life,  and  of  organs  and  blood  immediately 
f.i'ter  death,   is  negative.    (2)   Stegomyia  fasciata, 
{.  vhen  allowed  to  suck  the  blood  of  a  yellow  fever 
ji  oatient  41   hours  after  the  onset,  can  on  biting  a 
ji  lon-immune  person  22  days  later  produce  the  disease. 
3)  Stegomyia  fasciata,  contaminated  by  sucking  the 
)lood  of  a  yellow-fever  patient,  and  then  killed,  cut 
into  sections  and  appropriately  stained,  presents  with 
regularity    a    protozoan   parasite,  Myxo-coccidium 
'iteyomyioi,  which  can  be  traced  .  through  a  cycle  of 
developments    from   the  gamete   to  the  sporozite. 
I  (4)  Stegomyia  fasciata,  fed  on  the  blood  of  a  person 
vwitli  malarial  fever,  on  normal  blood,  or  artificially, 
■  does  not  harbour  the  myxo-coccidium. 

The  preventive  measures  to  be  adopted  against 
}  yellow  fever  are  the  avoidance  of  districts  in  which 
i  it  is  known  to  prevail,  the  selection  of  inland,  thinly - 
}  populated,  and  especially  elevated  points  for  residence, 
.  avoidance  of  the  Stegomyia  mosquitoes,  and  strict  atten- 
tion to  sanitary  conditions.    Fatigue,  exposure  to  sun, 
drinking,  and  improper  food  are  said  to  predispose  to 
infection. 

]>eii;^llC  is  now  known  to  have  occurred  in  epidemic 
foriu  in  the  last  century,  but  was  first  recognised  during  out- 
breaks in  Farther  India  in  1824,  and  in  the  West  Indies, 
Mexico,  and  the  Southern  States  in  1827-8.  Dengue  resembles 
influenza  in  the  intensity  of  its  epidemics,  which  often  affect 
almost  every  person  in  a  town.  It  spreads  mainly  along  lines 
of  traffic.  Even  in  tropical  countries  its  prevalence  is  greatest 
in  the  hot  season,  and  elsewhere  it  occurs  only  in  summer  and 
autumn,  and  in  years  of  high  temperatures.  It  affects  mari- 
time towns,  and  rarely  spreads  inland.  Low-lying,  filthy  and 
overcrowded  quarters  are  the  first  to  be  attacked.  After  a 
short  incubation  of  two  to  four  days  the  onset  is  sudden,  with 
rigors,  pyrexia,  and  acute  pains  and  tenderness  in  the  small 
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joints  of  the  liand  and  feet.  Very  soon  the  large  joints  become 
affected,  then  the  bones  and  muscles,  and  the  head  and  back. 
A  transient  erythema  appears  at  this  stage  in  half  the  cases. 
In  one  or  two  days  a  remission  or  intermission  of  all  the 
symptoms  occurs  after  profuse  sweats  having  a  pungent  odour, 
but  after  a  short  interval  the  symptoms  return  in  a  modified 
degree,  often  accompanied  by  glandular  swellings,  and  a  rash 
which  as  a  rule  consists  of  irregular  red  elevated  spots.  The 
second  febrile  stage  passes  off  in  three  or  four  days  at  longest, 
and  slow  convalescence  follows.  Dengue  is  fatal  only  in 
debilitated  persons,  or  in  the  very  young  or  old.  In  some 
epidemics  the  disease  has  apparently  attacked  cattle,  dogs,  and 
cats. 

Plag'iie,  first  introduced  from  the  East,  and 
possibly  identical  with  the  Black  Death  of  the  Middle 
Ages  (1348)^  was  frequently  epidemic  in  England  up  to 
the  time  of  the  Great  Plague  in  1665.  In  the  following 
century  it  retreated  eastward,  and  disappeai'ed  fi'oni 
Europe  in  1841  and  from  Egypt  in  1844.  In  Asia 
it  has  lingered  on  endemically  in  certain  temperate 
regions,  and  of  late  has  shown  renewed  activity, 
especially  in  India.  Grave  epidemics  liave  occurred 
(from  1896 — 1907  it  caused  five  and  a  half  million 
deaths  in  India)  and  infection  has  been  brought  in 
recent  years  by  ship  to  Great  Britain.  Plague  is  an 
infectious  filth  disease,  fostei'ed  by  destitution,  un- 
cleanliness,  overcrowding,  and  lack  of  ventilation. 

There  are  four  chief  varieties  of  plague  :  the 
bubonic  form,  the  most  common  and  typical,  the 
lymph  glands  being  chiefly  affected  in  the  groin,  the 
axilla,  or  the  neck  ;  the  septiccemic,  in  which,  the 
bacillus  reaches  the  blood ;  the  j5?iew??io?iic,  in  which 
the  lungs  are  mainly  affected  ;  and  pestis  minor,  in 
which  the  affection  of  the  glands  stops  short  of  the 
septicsemic  stage,  and  even  the  local  symptoms  are 
slight.  There  are  certain  symptoms  common  to  all 
forms  of  plague,  when  at  all  severe.  An  ordinary 
attack  of  plague  usually  begins  three  to  five  days 
after  infection.     Such  attack  may  develop  gradually, 
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>ut,  generally,  there  is  sudden  onset  with  rauuh  fever, 
s  indicated  by  a  high  temperature,  rapid  pulse,  head- 
tche,  backache,  hot  skin,  and  thirst.    The  eyes  are 
njected  as   if  inflamed;    the   expression,    at  first 
laggard,  anxious  and  frightened,  becomes  subsequently 
icant,  listless,  and  dull;  the  utterance  is  thick,  and 
he  gait  unsteady  as  in  one  under  the  influence  of 
ilcoliol.    Mental  aberration  develops  quickly.  There 
is  frequently  a    marked  tendency  to  faint.  The 
ioiigue  is  at  first  covered  with  a  moist  white  fur 
t  xcept  at  the  edges,  which  are  red,  but  later  on  it 
becomes  dry  and  of  a  mahogany  colour.  Vomiting 
and  nausea  are  present  from  the  onset.  Sleeplessness 
lis  a  characteristic  symptom.    The  most  distinctive 
J  sign,   however,   is   the   presence   of   swellings,  or 
• "  buboes  "  in  the  groin,  armpit,  or  neck,  which  appear 
on  the  second  or  third  day  of  the  disease,  as  large, 
^  smooth,    tense   swellings,    painful   and   tender  on 
pressure,  and  in  size  varying  from  that  of  an  almond 
to  that  of  an  orange. 

Cases  occur  in  which  these  manifestations  of  the 
disease  are  greatly  delayed  or  even  absent,  as,  for 
instance,  in  pneumonic,"  "  gastric,"  and  "  septi- 
cjemic  "  plague  ;  forms  of  the  malady  which  may  be 
mistaken  respectively  for  inflammation  of  the  lungs, 
typhoid  fever,  or  acute  blood  poisoning.  Plague  in 
these  forms  is  always  grave  ;  not  only  because  of  the 
fatality  of  the  cases  but  for  the  reason  that  they  are 
highly  infectious  to  other  persons.  It  is  important, 
therefore,  that  in  localities  where  plague  is  present  or 
is  threatened,  cases  of  anomalous  illness  of  the  above 
sorts  should  be,  without  loss  of  time,  brought  under 
medical  supervision. 

There  is  also  the  so-called  "  ambulant  form."  In 
plague  of  this  description  the  aflected  person  is  hardly 
ill  at  all,  presenting  no  definite  symptoms  perhaps 
beyond  indolent,  though  painful,  swellings  in  groin  or 
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armpit.  Such  plague  cases  may  nevertheless  be  iu- 
strumental  in  spreading  the  disease. 

Bacteriology. — The  causal  organism,  Bacillus 
pestis,  was  discovered  in  1894by  Kitasato  in  the  blood 
of  patients  suffering  from  the  disease.  It  is  a  small, 
round-ended,  oval  cell,  with  marked  polar  staining, 
hence  presenting  an  appearance  not  unlike  a  diplo- 
coccus.  In  the  middle  there  is  a  clear  intei-space, 
and  tJie  whole  is  surrounded  with  a  thick  capsule, 
stained  only  with  difficulty.  The  organisms  ai'e  non- 
motile  and  often  linked  together  in  pairs  or  even 
chains  (especially  in  fluid  cultures),  and  exhibit  poly- 
moi'phic  forms.  In  culture  the  bacillus  may  be  coocal 
or  bacillary  in  form. 

It  grows  readily  on  the  ordinaiy  media  at  blood- 
heat,  producing  smooth,  shining  cu'cular  cream- 
coloured  colonies,  with  a  wavy  outline,  which 
eventually  coalesce  to  form  a  greyish  film.  If  melted 
butter  (or  ghee)  or  oil  be  added  to  bouillon,  the 
bacillus  grows  in  "  stalactite  "  form.  The  following 
negative  characters  assist  in  differentiating  the  bacillus  : 
There  is  no  growth  on  potato  ;  milk  is  not  coagulated  ; 
gelatine  is  not  liquefied ;  Gram's  method  does  not 
stain  the  bacillus  ;  and  thei'e  are  no  spores.  The 
bacillus  is  readily  killed  by  heat  or  by  desiccation 
over  sulphuric  acid. 

In  the  body  the  bacillus  chiefly  frequents  the 
spleen  and  lymph  glands,  the  latter  becoming  inflamed, 
especially  the  inguinal  and  axillary. 

Haff"kine  has  prepared  a  vaccine  which  diminishes 
the  incidence  and  fatality  of  the  disease  in  inoculated 
populations,  although  the  degree  of  protection  is  not 
perfect.  The  vaccine  is  made  from  a  six- weeks'  old 
broth  culture  of  B.  pestis,  sterilised  at  65-70°  C.  for  an 
hour,  and  preserved  in  bottles  containing  0*5  per  cenl. 
carbolic  acid.    The  dose  is  5-10  c.c. 

Plague  is,  in  a  general  sense,  a  disease  of  locality 
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:  is  contracted  principally  at  night,  and  though  an 
ifectious  disease  the  part  which  man  plays  as  a 
ii'ect  agent  is  more  or  less  subordinate.  Probably 
le  essential  cause  of  epidemics  is  the  plague  stricken 
it,  and  the  intermediate  agent  between  rat  and  man, 
nd  rat  and  rat,  is  the  common  rat  flea  (P.  cheopis) 
,'hich  acts  as  a  carrier  of  the  bacillus.    The  blood  of 
u  infected  rat  generally  contains  enormous  numbers 
f  bacilli,  and  insects  sucking  such  blood  readily 
lecome  infected.    Rats,  which  usually  suffer  from 
ilague  before  epidemics  occur  among  men,  thus  con- 
ey infection  from  place  to  place  and  from  port  to 
iort. 

Preventive  measures,  therefore,  include  vigorous 
lisinfection    of    infected    houses ;    inspection  and 

!  ^  segregation ;  inoculation  ;  and  the  extermination  of 
rats.     The  latter  may  be  accomplished  by  various 

i  rat  traps  and  poisons,  and  on  board  ship  also  by 

i  carbonic  acid  gas. 

ITIalarial  diseases  may  conveniently  be  con- 
sidei'ed  as  a  single  group,  although  they  include  many 
v  arieties  that  have  received  specific  names.  All  have  a 
characteristic  tendency  to  periodicity  in  the  course  which 
the  symptoms  follow,  and  this  peculiarity  is  made  the 
basis  of  a  broad  subdivision  into  intermittent  and 
remittent  types  of  fever,  the  former  being  the  less 
severe. 

Intermittent  fever  or  ague  is  further  subdivided 
into  quotidian,  tertian,  and  quartan  varieties,  accord- 
ing to  the  length  of  interval  between  the  attacks, 
which  may  occur  every  two,  three  or  four  days.  Each 
attack  is  marked  by  a  cold  stage,  a  hot  stage,  and  a 
sweating  stage ;  but  the  temperature  in  the  intervals 
always  becomes  normal.  Of  these  sub-varieties,  quo- 
tidian ague,  with  daily  attacks,  is  the  most  severe,  has 
the  longest  hot  stage  and  the  shortest  cold  stage,  and 
approaches  the  most  closely  to  the  remittent  type. 
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In  remittent  fevers  there  are  one  or  two  exacerlja- 
tions  every  clay,  but  the  temperature  during  the 
intervals  does  not  subside  to  the  normal  level,  nor  do 
the  constitutional  symptoms  entirely  disappear.  The 
cold  stage  is  very  short  and  the  hot  stage  protract<ed. 
Remittent  fevers  are  met  with  principally  in  tropical 
regions,  but  are  endemic  in  many  marshy  districts  in 
Southern  Europe,  and  occasionally  spread  as  far  north 
as  the  Baltic. 

General  conditions. — As  the  intensity  of  the  endemic  or 
epidemic  prevalence  diminishes,  the  individual  cases  tend  to 
assume  more  and  more  the  intermittent  type.  Broadly  speak- 
ing, the  tendency  to  malaria  increases  with  the  temperature, 
especially  if  the  diurnal  range  of  temperature  is  high.  Atmo- 
spheric humidity  is  also  favourahle  to  malaria.  Moisture  of  the 
upper  part  of  the  soil  is  an  almost  invariahle  condition  of 
malarious  districts,  and  the  effect  has  been  said  to  be  heightened 
by  a  slight  superficial  drying.  Clay  soils,  which  retain  mois- 
ture, are  among  the  worst,  but  chalk,  or  sand,  or  other  porous 
soil,  may  become  highly  malarious  if  from  any  cause  the  sub- 
soil water  is  high.  Malarious  soils  almost  always  contain 
vegetable  matter  in  greater  or  less  quantity.  In  such  districts 
heavy  rainfall,  especially  after  long  heat  and  drought,  is 
generally  followed  bj'  outbreaks  of  malaria,  and  irrig-ation  has 
a  similar  tendenc5\  They  cease  to  be  malarious  when  the 
ground  is  either  completely  flooded  or  dried — temjDorarily  or 
permanently — by  drainage  and  extensive  planting  (e.g.,  with 
Hucalyptus  globulus).  As  regards  the  surface,  the  prevalence 
of  malaria  decreases  with  the  elevation,  other  things  being 
equal.  High  ground  is  the  most  healthy,  but  exception  must 
be  made  in  respect  of  spurs  of  hills  and  depressions  even  at 
high  levels,  and  more  particularly  of  ravines.  Amoiig  other 
causes  conducive  to  malaria  are  abandonment  of  cultivation,  or, 
on  the  other  hand,  the  breaking  up  of  new  ground,  excavation, 
or  cutting  down  trees.  Volcanic  disturbances  and  earthquakes 
have,  it  would  appear,  sometimes  been  followed  by  malarial 
outbreaks,  l^'odor  concludes  from  observations  at  Posth  that 
only  the  superficial  layers  of  the  soil  are  concerned  in  produc- 
ing conditions  favoiu'able  to  malaria. 

Such  being  the  general  characteristics  of  malarious  districts 
as  regards  climate  and  soil,  it  must  next  be  pointed  out  that 
they  are  in  themselves  inadequate  to  produce  malaria,  and  also 
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it  some  of  them  are  entirely  wanting  in  highly  malarious 
alities.    Malaria  is  unknown,  for  example,  in  many  i^arts  of 
■land,  in  the  Bermudas,  and  the  Pampas  of  South  America, 
lore  the  physical  conditions  would  h  priori  ajjpear  to  he 
i;hly  favourable.    On  the  other  hand,  some  of  the  malarious 
stricts  in  the  Deccan  and  Mysore  are  steep  mountain  slopes, 
d  many  others  in  India  and  elsewhere  are  equally  free  from 
)isture  of  the  soil.    Instances  are  common  in  which  districts, 
Liviously    healthy,    become    temporarily   or  permanently 
ilarious,  without  apparent  change  in  their  physical  condi- 
ons.    Malaria  being  a  specific  disease,  the  presence  of  a 
ocific   organism   is  necessary,  and   the   conditions  ahove 
scribed  are  to  he  regarded  merely  as  more  or  less  favourable 
its  growth  and  dissemination. 

The  etiology  of  malaria. — In  1880  Laveran  first 
iscovered  and  described  parasites  in  the  blood  cells 
f  malarial  patients,  and  on  further  investigation  it 
\  as  soon  found  that  these  assumed  many  difierent 
orms.    These  differences  depend  upon  the  kind  of 
'■ver  and  the  sto^e  of  fever.    The  reasons  for  believing 
hat  Laveran's  bodies — though  they  have  not  yet 
•  en  cultivated  outside  the  human  body — are  the 
,l)ecific  cause  of  malaria  are  that  the  parasites  found 
ill  the  blood  of  malarial  patients  of  all  countries  are 
rlie  same,  and  such  parasites  are  not  found  in  healthy 
1  >ersons ;  that  their  development  fully  accounts  for 
the  pi'oduction  of  the  melansemia  and  malarial  pig- 
mentations of  viscera  owing  to  the  melanin-forming 
])roperty  of  the  parasite;  that   the  phases  in  the 
il(!velopment  of  such  parasites  correspond  with  the 
I  clinical  course  of  malaria  (Golgi)  ;  that  quinine,  which 
'  cures  malaria,  kills  the  parasite  ;  and  that  malaria  can 
be  conveyed  by  the  introduction  of  this  parasite  into 
the  blood  of  man,  and  the  parasite  reappears  in  the 
!  blood  of  the  individual  so  inoculated.  Laveran's 
bodies  have  been  variously  classified  as  knowledge  of 
thorn  has  grown.    It  is  now  agreed  that  these  parasites 
belong  to  the  Sj)orozoa,  to  the  order  of  TIcemocytozoa, 
and  to  the  genus  of  Ha'mamceha.    They  gain  access 
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to  the  blood  corpiiscles  in  which  they  develop,  pro- 
ducing sporocytes  which,  on  the  rupture  of  the 
corpuscle,  become  free  in  the  blood  and  attack  other 
corpuscles  passing  through  the  same  changes  (the 
cycle  of  Golgi),  and  resulting  in  a  fresh  generation  of 
spores.  The  exact  changes,  however,  depend  partly 
upon  the  form  of  disease  (quartan,  or  benign  tei-tian, 
or  malignant  quotidian),  but  much  more  so  upon  the 
immediate  needs  of  the  parasite,  that  is  to  .say,  whether 
the  development  is  to  be  in  the  human  body  only  and 
asexual,  or  in  the  mosquito  and  sexual.  (Manson,  Eo<s. 
and  others. )  If  it  is  to  be  the  latter  the  amcebula  doe.s 
not  sporulate  in  the  corpuscle,  but  becomes  a  crescent- 
shaped  body  absorbing  the  corpuscle.  These  crescents, 
or  gametocytes,  are  of  two  foi^ms,  male  and  female,  and 
are  the  first  stage  in  the  extra-corporeal  stage  of  the 
life-cycle,  that  is  to  say  in  the  mosquito.  The  male 
gamete  (viicrogametocyte)  develops  flagella,  which  are  of 
the  nature  of  spermatozoa,  and  break  ofi"  from  the  cell 
and  become  free  in  the  blood  ingested  by  the  mosquito. 
The  female  crescent,  or  gamete  [macrogametocyte) 
starts  in  the  same  way  as  the  male  form,  but  becomes 
spherical  and  extrudes  two  polar  bodies,  receiving  at 
the  site  of  extrusion  an  impregnation  by  the  free 
flagellum  of  the  male  cell.  The  result  is  a  zygote,  a 
travelling  vermicule,  which  passes  into  the  stomach 
wall  of  the  mosquito,  and  becomes  encysted  there,  and 
eventually  reproduces  spores  or  sporozoits.  About  the 
twelfth  day  it  bursts,  discharging  the  reproductive 
elements  into  the  body  cavity  of  the  mosquito,  which, 
passing  from  thence,  become  accumulated  in  the 
salivary  gland,  and  are  thus  in  position  to  be  injected 
into  the  blood  of  the  next  human  being  bitten  by  the 
mosquito.  In  the  human  blood  again  they  attack  the 
corpuscles,  and  recommence  the  asexual  life  cycle. 
Just  as  the  sporocytes  are  the  means  of  propagating 
the  parasite  in  the  blood,  so  the  flagellated  body  and 
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sexual  cycle  is  the  means  of  propagation  in  the 
mosquito. 

The  species  of  mosquito  which  has  been  shown  to 
be  the  host  of  the  malaria  parasite  is  the  Anopheles, 
the  body  of  which  is  slim,  the  proboscis  long  and 
;  thick,  the  palpi  long,  and  the  wing  "  dappled  "  with 
dark  spots  on  its  anterior  margin.    It  is  a  "  puddle- 
breeding  "  insect.    The  common  mosquito,  or  Culex, 
has  short  palpi,  thick  body,  thin  proboscis  and  un- 
spotted wings.    It  is  a  "pot-breeding"  mosquito. 
I  Certain  conditions  are  necessary  for  the  multiplication 
of  malarial  mosquitoes,  namely,  high  atmospheric  tem- 
perature, 75-104'' F.,  collections  of  water,  fresh  or 
bi-ackish,  and  the  presence  in  the  breeding  pools  of 
low  forms  of  animal  and  vegetable  life.    Many  of  the 
physical  conditions  hitherto  cited  as  favourable  to  the 
disease  are  now  seen  to  be  favourable  to  the  specific 
:  mosquito,  and  their  relationship  to  malaria  is  thus,  in 
i  part,  explained.    The  prevention  of  malaria  depends 
1  upon  the  fulfilment  of  four  chief  requirements  : — 
I  (1)   The  prevention  of  mosquito  breeding  by  land- 
(  drainage  and  removal  of  collections  of  water ;  (2)  the 
( destruction  of  mosqiiitoes  [Anopheles)  and  of  their 
♦  eggs,  larvae,  and  nymphse;  (3)  avoidance  of  mos- 
<  quito  bites,  and  (4)  the  therapeutic  and  prophylactic 
1  use  of  quinine. 

Leprosy  is  a  disease  of  great  antiquity  in  Egypt, 
i  India,  China,  and  Japan.  The  Biblical  term  "  leprosy  " 
'  doubtless  included  many  forms  of  skin  disease,  and 
'  the  same  ambiguity  attends  most,  if  not  all,  of  the 
'  other  records  of  the  disease  in  former  ages. 

Leprosy  has  136611  especially  confounded  with  syphilis  and 
'"pkantiasis  arabum,  true  leprosy  bein"-   sometimes  termed 
'phantiasis  ffrcecoritm.     It  probably  made  its  appearance  in 
i  Europe  about  the  beginning  of  the  Christian  era,  and  became 
'  widely  diffused  during  the  next  eight  or  nine  centuries.  A 
further  increase —attributed  by  some  to  the  Crusades — took 
P 
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place  in  the  twelfth  and  thirteenth  centuries,  but  in  the 
fourteenth  and  fifteenth  centuries  it  began  to  disappear,  and  at 
the  present  time  has  vanished  from  Europe,  -with  the  exception 
of  certain  limited  districts,  more  especially  in  Norwa)',  Sweden, 
Finland,  Spain,  Portugal,  and  some  parts  of  Italy,  Cxreece, 
Tui'key,  South  Russia,  and  some  of  the  Mediterranean  islands, 
including  Sicily  and  Cyprus.  It  is  prevalent  in  the  West 
Indies,  the  west  coast  of  South  America,  India,  China,  and  the 
greater  part  of  Asia  ;  most  of  the  islands  in  the  Pacific, 
notably  Hawaii,  and  in  many  parts  of  Africa,  It  is  common 
in  Mexico,  and  minor  foci  exist  in  Louisiana,  New  Brunswick, 
and  British  Columbia.  Special  attention  has  recently  been 
directed  to  its  increase  at  the  Cape.  Districts  upon  or  near  the 
coast  are  by  far  the  most  frequent  seats  of  endemic  leprosy. 

In  England,  special  legislation  was  directed  against  leprosy 
in  the  tenth  century,  and  leper  hospitals  were  established  in 
the  eleventh,  twelfth  and  thirteenth  centuries  in  many  of  the 
larger  towns.  The  last  record  of  an}^  extensive  prevalence  in 
England  was  at  the  end  of  the  seventeenth  century,  and  it  is 
now  unknown  except  as  a  disease  acquired  abroad. 

Leprosy  is  diminishing  in  its  few  remaining 
EuroiDean  centres,  but  probably  slowly  increasing  in 
the  West  Indies,  Demerara,  South  Africa,  and  some 
other  countries.  Chinese  immigration  is  said  to  have 
introduced  it  into  North  Australia  and  British 
Columbia. 

General  conditions. — Climate  would  appear  to  have 
little  influence,  since  the  geographical  distribution  is 
or  has  been  almost  world-Avide,  nor  has  anything  been 
made  out  definitely  in  regard  to  more  local  meteor- 
ological conditions.  The  efiect  of  season,-  if  any, 
cannot  be  traced  in  a  disease  which  begins  insidiously' 
and  runs  a  protracted  course.  The  greater  incidence 
upon  coast  regions  seems  to  give  a  clue  to  the 
etiology,  but  the  disease  prevails  in  elevated  regions 
far  removed  from  the  sea.  The  use  of  fish,  and  espe- 
cially of  decomposing  fish,  as  a  principal  diet  is  sup- 
posed to  contribute  lai'gely  to  the  causation  of  leprosy 
(Hutchinso]i).  This  view  is  supported  mainly  by  the 
prevalence  of  the  disease  in  littoral  districts,  but 


j  Chap.  XV.]  Leprosy.  451 

also  to  some  extent  by  its  frequent  appearance  in 
new  regions  among  Chinese  settlers,  whose  skill  in 
cookery  enables  them  to  make  use  of  putrid  fisli,  and 
lastly  by  its  observed  disappearance  from  certain  districts 
where  fish  diet  ceased  to  be  general.  On  the  other 
hand,  there  are  many  inland  leprous  regions  in  which 
fish  is  rare,  or,  as  in  Central  China,  limited  to  the 
use  of  the  wealthier  classes.  The  disease  has  declined 
in  many  localities  without  any  material  change  in  diet, 
and,  further,  the  vegetarian  Brahmins  are  by  no  means 

'  exempt  from  leprosy.  It  would  seem,  therefore,  that  a 
fish  dietary,  if  it  has  any  etiological  significance  at  all, 
is  not  operative  in  all  cases.  Another  hypothesis  is 
that  deficiency  of  common  salt  in  food  is  conducive 

i  to  leprosy.    Sanitary  improvements  in  the  habits  and 

i  surroundings  of  the  population  have,  in  all  probability, 
been  chiefly  instrumental  in  suppressing  leprosy  in 
England  and  elsewhere.    Although  never  confined  to 

:  the  poorer  classes,  its  incidence  has  been  greater  upon 
those  living  in  filthy  and  unhygienic  conditions. 

Nothing  is  known  as  to  any  relation  with  telluric 
conditions,  or  transmission  by  water  or  air.  Negroes, 
Hottentots,  and  Chinese  are  more  affected  than  white 
races  living  in  the  same  localities.  Males  suffer  in 
greater  numbers  than  females,  and  among  the  very  old 
and  the  very  young  the  disease  is  of  rare  occurrence. 

Authorities  are  at  variance  as  to  the  hereditary 
transmission  of  leprosy,  and  very  little  is  known  of 
the  way  in  which  the  disease  is  ordinarily  acquired. 
It  is  communicable  by  direct  or  indirect  means,  from 
the  sick  to  the  healthy,  and  there  is  no  certain 
'  evidence  of  its  arising  or  spreading  in  any  other 
way.  Hansen  states  that  no  sign  of  leprosy  had 
appeared  among  the  descendants  of  160  Norwegian 
lepers  who  settled  in  the  United  States.  Arning  has 
proved  it  to  be  inoculable,  having  successfully  in- 
oculated a  condemned  convict. 
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Clinical  characters. — The  incubation  period  in 
Arning's  case  was  two  yearp.  It  is  believed  to  be 
very  variable,  extending  over  months  or  years,  with  or 
without  premonitory  symptoms.  Three  chief  types  are 
described — -{a)  the  anaesthetic  (or  maculo-ansesthetic), 
(6)  the  tuberculated,  and  (c)  the  mixed.  The  anses- 
thetic  form  causes  a  destruction  of  nerve  fibres,  the 
tuberculated  chiefly  affects  the  skin,  resulting  in  a 
nodular  gi'owth  or  diffuse  infiltration.  It  produces 
marked  disfigurement.  The  average  duration  is  given 
as  eight  years  in  the  former  and  sixteen  in  the  latter, 
but  with  wide  variations.  When  the  disease  begins 
in  early  life,  its  duration  is  comparatively  short.  The 
result  is  almost  always  fatal,  but  it  is  stated  that  in 
Norway  thirty-eight  cases  were  cured  in  the  five  years 
1881-5,  and  Kaiirin  believes  that  if  the  disease  is 
localised,  early  amputation  may  sometimes  perma- 
nently arrest  it.  According  to  Sand,  the  disease  may 
iexhaust  itself  in  thirty  or  forty  years  if  the  constitu- 
tion is  exceptionally  strong. 

Bacteriology.— The  B.  leprae  was  discovered  by 
Hansen  in  1874.  It  is  present  in  enormous  numbei-s 
in  the  skin  and  tissues,  and  has  a  form  very  similar 
to  B.  tuberculosis.  Spores  have  not  been  seen,  but 
Neisser  holds  that  this  is  the  form  in  which  the 
bacillus  gains  entrance  to  the  body.  The  arrange- 
ment in  clumps  and  colonies  inside  the  I'ound  cells  is 
useful  for  diagnostic  purposes.  The  bacilli  are  also 
found  free  in  the  lymphatics,  inside  connective  tissue 
cells,  in  the  walls  of  blood  vessels,  in  the  lymphatic 
glands,  and  in  the  internal  organs.  Bordoni-Uflred- 
uzzi,  Carrasquilla  (1899),  and  Campana  claim  to 
have  isolated  the  bacillus  and  grown  it  on  artificial 
media,  the  two  former  aerobically  on  peptone- 
glycerine-blood-serum,  at  37°  C,  the  last-named 
anaerobically.  Cultivated  bacteria  from  the  organs 
of  lepers,  described  rather  later  by  Babes,  and  stiU 
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lore  recently  by  Czaplewski,  differ  from  the  genuine 
taoillus  of  leprosy  in  their  incomplete  resistance  to 
i  .cids.  There  is  little  doubt  that  the  disease  is  pro- 
luced  by  Hansen's  bacillus.  Bordoni-TJffreduzzi  holds 
hat  the  bacillus  has  a  saprophytic  stage  in  its  life 
ycle. 

Hansen,  Ehlers,  and  others  believe  that  the  disease 
.-s  spread  by  contagion,  Virchow  held  the  reverse 
opinion.  Besnier  and  Sticker  consider  the  infection 
-s  conveyed  in  nasal  secretion.  The  Leprosy  Oom- 
imission  in  India  (1890-91)  reported  that — 

(1.)  Leprosy  is  a  disease  sui  generis;  it  is  not  a  form  of 
wyphilis  or  tuberculosis,  but  has  striking  etiological  analogies 
nwith  the  latter.  (2.)  It  is  not  inherited,  and  has  a  natural 
eendency  to  die  out.  (3.)  Though  contagious  and  inoculable, 
the  extent  to  which  it  is  propagated  by  these  means  is  exceed- 
ingly small.  (4.)  It  is  not  directly  originated  by  the  use  of 
i-iny  particular  article  of  food,  nor  by  any  climatic  or  telluric 
••ionditions,  nor  by  insanitary  surroundings,  neither  does  it 
^peculiarly  affect  any  race  or  caste.  (5.)  It  is  indirectly  in- 
liuenced  by  insanitary  surroundings,  such  as  poverty,  bad  food, 
:':>r  deficient  drainage  or  ventilation,  for  these  increase  the 
M^usceptibility. 

Preventive  measures. — The  practical  suggestions  of 
:the  Commission  for  preventive  treatment  included 
V  v'oluntary  isolation  of  the  sick  ;  prohibition  of  the  sale 
uof  articles  of  food  by  lepers;  leper  farms  ;  orphanages ; 
rand  "  improved  sanitation  and  good  dietetic  condi- 
:  tions  "  generally.    Serum-therapy  has  been  attempted, 

but  without  success.    Up  to  the  present  time  no 

curative  agent  has  been  found. 

In  Norway,  leper  asylums  were  established  in  1856, 
I  and  the  number  of  lepers  is  believed  to  have  steadily 
i  declined.    The  isolation  in  these  asylums  is  not  rigid, 

but  in  Hawaii  an  island  is  set  apart  for  the  leper 
•settlement,  and  the  seclusion  is  practically  life-long. 

It  seems  clear  that  the  infection  is  not  acquired 

readily,  if  we  take  the  ordinary  infectious  diseases  as 
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a  standard,  and  there  is  some  pi-obability  that  even  a 
partial  segregation  of  lepers  may  have  considerable 
influence  in  arresting  the  disease,  assuming  its  spread 
to  be  due  mainly  to  personal  intercourse.  The  diffi- 
culties of  obtaining  a  tolerably  complete  isolation  or 
even  registration  of  lepers  are  of  course  very  great. 

Malta  fever  (Mediterranean  fever)  is  common 
along  the  coast  of  the  Mediterranean  and  in  its  islands. 
It  is  a  disease  of  long  duration  and  variable  symptoms, 
including  remittent  fever.  Perspiration,  pains,  swel- 
ling of  joints,  enlargement  of  the  spleen,  etc.,  are 
among  the  common  signs.  In  1887  Bruce  cultivated 
from  the  spleen  the  Micrococcits  melitensis,  a  small 
round  or  slightly  oval  coccus,  occurring  singly,  in 
pairs,  or  in  chains.  It  can  be  cultivated  from  the 
spleen,  on  agar  at  37°  C.  ;  colonies  appear  about  the 
third  day  as  small,  round,  slightly  raised  growths  ;  old 
cultures  assume  a  h\i&  tint.  The  organism  is  present 
in  the  peripheral  blood  in  all  cases  during  the  early 
stages  of  the  disease,  and  in  severe  pyrexial  relapses. 
It  has  been  isolated  from  the  urine.  The  disease  is 
transmissible  to  man  by  the  medium  of  milk  from 
infected  goats. 

Sleeping'  sickness  is  probably  caused  by  the 
entrance  into  the  blood,  and.  thence  into  the  cerebro- 
spinal fluid,  of  a  species  of  trypanosome  (probably  the 
Trypanosoma  gamhiense), yf\iic\\  is  transmitted  from  the 
sick  to  the  healthy  by  a  tsetse  fly  {Glossina  palpalis), 
and,  apparently,  by  it  alone.  It  has  been  demonstrated 
by  experiment  that  not  only  were  these  flies,  fed  on 
sleeping  sickness  cases,  capable  of  conveying  the 
disease  to  healthy  monkeys,  bilt  that  freshly  caught 
flies  from  an  infected  area,  without  any  artificial 
feeding,  were  also  capable  of  conveying  the  disease. 
This  fly,  like  its  congener  the  tsetse  fly  of  South 
Africa,  is  confined  to  well-defined  areas,  which  corre- 
spond absolutely  with  the  distribution  of  sleeping 
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-ickness ;  whereas,  iii  regions  where  no  Glossina 
d'palis  is  found,  although  other  biting  flies  abound, 
here  is  no  sleeping  sickness.  While  a  large  percent- 
ige  of  the  inhabitants  of  the  sleeping  sickness  areas 
have  the  trypanosome  in  their  blood,  in  not  a  single 
inhabitant  of  non-sleeping  sickness  areas  was  this 
]  larasite  found.  Monkeys  inoculated  with  cerebro-spinal 
tluid  from  sleeping  sickness  patients,  or  with  blood 
tVom  natives  not  as  yet  showing  symptoms  of  sleeping 
ickness,  but  containing  a  similar  parasite,  sickened 
;ind  died  with  all  the  symptoms  of  sleeping  sickness. 
.\s  in  the  case  of  ankylostoma,  indi^'iduals  may  have 
this  trypanosome  in  their  blood,  and  yet  reveal  no 
symptoms  of  the  disease.  A  Portuguese  Commission 
hxid  emphasis  upon  a  diplo-streptococcus  which  a 
number  of  observers  have  found  to  be  present. 

The  disease  has   spread  in  the  Congo  region, 
'Uganda,  and  northwards  along  lines  of  communica- 
ttion,  that  is  rivers,  and  has  become  a  scourge  in 
( certain  riverine  tribes.    Clinically  the  early  stage  of 
sleeping  sickness  may  be  recognised  by  enlargement 

•  of  the  cervical  glands  (polyadenitis),  enlargement  of 
the  spleen,  oedema,  and  certain  pathological  conditions 

•  of  the  blood,  including  lymphocytosis.  Sleeping 
:  sickness  is  probably  the  last  stage  of  a  disease  and 

seems  to  be  invariably  fatal. 

Dysentery.— Endemic  or  tropical  dysentery  is 
possibly  due  to  Amoeba  coli  vel  dysenterice.  Epidemic 
dysentery  is  more  probably  due  to  Bacillus  dysenterice, 
and  sporadic  and  parasitic  dysentery  to  various 
parasites,  such  as  Balantidium  coli  and  the  Bilharzia. 
Mott  holds  that  "  asylum  dysentery "  is  identical 
with  tropical  dysentery,  and  that  both  conditions  are 
in  all  probability  of  bacillary  origin. 

The  disease  is  not  confined  to  tropical  climates. 
At  one  time  it  was  "  one  of  the  most  prevalent  and 
fatal  diseases  of  London  "  (Baly).    It  is  believed  to 
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be  influenced  by  season  and  soil,  autumn  and  polluted 
subsoil  favouring  its  occurrence,  though  personal  pre- 
disposing conditions  doubtless  play  an  important  part, 
Prom  a  sanitary  point  of  view  water  supply,  dietary, 
and  uncleanliness  are  the  conditions  into  which  inquiiy 
should  be  made.  It  is  probable  that  the  excreta 
serve  as  one  of  the  chief  media  of  infection,  and  they 
should  therefore  be  disinfected.  Apart  from  institu- 
tional outbreaks  {e.g.  asylum  dysentery)  dysentery  is 
a  comparatively  rare  disease  in  this  country. 

Beri-beri  is  endemic  in  Western  India,  in  the 
India  Archipelago,  China  and  Japan.  It  is  mostly 
confined  to  the  working  classes,  and  is  said  by  some 
to  be  due  to  an  organism  infecting  stale,  white  rice ; 
others  consider  it  a  "place  disease,"  and  Durham 
holds  that  it  is  more  a  "gang"  or  "institutional" 
disease.  It  is  a  kind  of  scurvy  of  the  tropics,  afiecting 
the  underfed,  and  is  characterised  by  weakness,  drop- 
sical distension  of  the  abdomen,  limbs,  and  face,  and 
many  of  the  features  of  alcoholic  neuritis.  Probably 
the  disease  is  communicated  from  person  to  person 
directly  or  through  fomites,  though  Braddon  holds 
that  it  is  caused  by  a  non-volatile  alkaloid. 
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!  CHAPTER  XVI 

I  PREVENTION  OF  INFECTIOUS  DISEASES 

IIn  the  preceding  chapters  reference  has  been  made  to 
:  the  various  means  by  which  specific  and  other  diseases 
.are  disseminated  or  checked.    It  remains  to  consider 
j :  the  powers  and  duties  of  the  S.A.,  and  of  the  M.O.H., 
I  in  relation  to  preventible  diseases,    and  especially 
infectious  diseases.    All  infectious  diseases  may  be 
-said  to  be  preventible,  but  not  all  are  amenable  to 
I :  the  preventive  measures  which  at  present  can  be 
I  enforced  by  the  most  active  sanitary  administration. 
:  "Small-pox  and  rabies  may  be   taken  as   types  of 
-specific  diseases  which  can  be  and  ought  to  be  sup- 
1  pressed,  and  are  now,  as  a  matter  of  fact,  limited  to 
-such  persons  and  such  populations  as  do  not  choose 
to  adopt  the  measures  which  reiterated  experience 
lias  shown  to  afibrd  safety.    Measles  and  ,whooping 
cough,  on  the  other  hand,  although  strictly  speaking 
I  preventible  diseases,  always  dependent  (so  far  as  we 
I  know)  upon  direct  or  indirect  infection  from  other 
i.  cases,  have  not  yet  been  brought  under  control.  No 
I  prophylaxis  has  been  discovered,  and  as  infants  are 
c  especially  liable,  the  susceptibility  of  the  population  is 
speedily  renewed,  even  after  an  outbreak.  Isolation 
'  and  disinfection  are  theoretically  capable  of  arresting 
:  the  spread  of  these  diseases  if  applied  in  every  case 
;  and  at  the  commencement  of  the  infectious  stage,  but 
i  in  practice  this  can  scarcely  be  accomplished  at 
I  present,  for  reasons  that  will  be  stated  later. 

Scarlet-fever,  diphtheria,  and  enteric  fever  are 

<  examples  of  a  different  class.    They  are  not  entirely 

<  dependent  upon  infection  from  ])erson  to  person,  but 
:  are  aftected  by  a  variety  of  conditions  of  which  every 

P  * 
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year  brings  us  fuller  knowledge.  Some  of  these  con- 
ditions, including  personal  infection,  infection  from 
lower  animals  (by  consumption  of  milk  or  flesh,  or  in 
other  ways),  and  infection  by  drinking-water,  are  more 
or  less  under  our  control.  So,  too,  are  the  various 
"  insanitary  conditions  "  which  conduce  to  the  spread 
and  malignancy  of  specific  diseases,  and  telluric  condi- 
tions also  are  to  a  great  extent  remediable.  Ex- 
perience has  shown  that  if  carried  out  thoroughly, 
isolation,  disinfection,  and  quarantine  can  very 
greatly  reduce  the  incidence  of  these  diseases,  but 
there  is  always  danger  from  unrecognised  cases, 
from  the  early  stages  of  the  disease  before  the 
diagnosis  is  made,  from  importation  of  infection, 
and  from  accidental  or  wilful  neglect  of  precautions. 
It  must  also  be  remembered  that  there  may  be 
modes  of  infection  in  these  diseases  at  present  un- 
known to  us,  and  this  is  especially  probable  in  respect 
of  diphtheria. 

Compulsory  notificatiou  of  certain  infec- 
tious diseases  rests  in  London  upon  the  Public 
Health  (London)  Act,  1891,  and  elsewhere  upon 
the  Infectious  Diseases  (Notification)  Act  of  1889, 
as  amended  by  the  Infectious  Diseases  (Notification) 
Extension  Act-  of  1899,  which  also  enables  any 
S.A.  with  ■  the  sanction  of  the  L.G.B.  to  add 
temporarily  or  otherwise  other  infectious  diseases 
to  those  scheduled  in  the  Act,  which  are — small- 
pox, cholera,  diphtheria,  membranous  croup,  erysi- 
pelas, scarlet-fever,  typhus,  enteric  fever,  relapsing 
fever,  continued  fever,  puerperal  fever.  The  inclusion 
of  membranous  croup  in  the  list  tends  to  make  the  re- 
porting of  diphtheria  more  complete,  and  "  continued 
fever  "  covers  obscure  cases  of  enteric  fever,  or  possibly 
typhus.  A  large  number  of  trivial  cases  are  reported 
as  erysipelas,  but  the  disease  has  practical  importance 
in  connection  with  vaccination  and  puerperal  fever. 
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Doubt  having  arisen  as  to  the  meaning  to  be  attached 
to  "  puerperal  fever,"  the  Royal  College  of  Physicians 
liave  expressed  the  opinion  that  it  should  be  understood 
to  include  "  septicoemia,  pyjemia,  septic  peritonitis, 
■septic  metritis,  and  other  septic  inflammations  in  the 
pelvis  occurring  as  the  direct  result  of  childbirth." 

Certain  minor  diseases  such  as  chicken-pox  may 
be  made  notifiable  temporarily  or  otherwise  in  order 
to  ensure  detection  of  more  serious  complaints  such 
as  smallpox. 

Forms  of  certificate  ai-e  supplied  to  every  practitioner 
practising  in  the  district,  and  a  fee  of  2s.  6d.  is  paid  to 
him  for  each  certificate  regarding  a  private  patient  and 
Is.  for  each  case  in  public  practice.  "Every  medicalprac- 
titionei"  attending  on,  or  called  in  to  visit,  the  patient 
shall  forthioith,  on  becoming  aware  that  the  patient  is 
suffering  from  an  infectious  disease  to  which  this  Act 
applies,  send  to  the  M.O.H.  for  the  district  a 
•ertificate  stating  the  name  of  the  patient,  the 
situation  of  the  building,  and  the  infectious  disease 
from  which,  in  the  opinion  of  such  medical  practitioner, 
the  patient  is  suffering."  The  penalty  for  default  is  a 
fine  not  exceeding  40s.  Under  the  same  penalty  the 
liouseholder  is  compelled  to  notify,  but  in  a  less  formal 
way,  and  without  receiving  any  fee.  The  Act  applies 
to  "  every  ship,  vessel,  boat,  tent,  van,  shed,  or 
imilar  structure  used  for  human  habitation,"  but 
not  to  any  "  hospital  in  which  persons  suffering 
from  an  infectious  disease  are  received."  It  gives 
110  power  of  compulsory  removal  of  patients  to 
hospital,  nor  even  power  of  entering  upon  the  pre- 
mises for  the  purpose  of  making  inquiries,  but  it  is 
very  rarely  that  any  difficulty  is  met  with  in  the 
latter  respect. 

Among  the  advantages  to  be  derived  by  the  M.O.H. 
from  compulsory  notification  are  the  following  : — 

1.  Early  and  complete  knowledge  of  all  the  cases  of  noti- 
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fiable  disease,  and  thus  of  the  whole  prevalence  and  distribution 
in  the  district.  Death-returns  give  only  a  small  fraction  of 
the  cases,  and  after  an  interval  of  many  days  or  weeks. 

2.  Power  to  exercise  such  supervision  as  may  be  necessary 
over  every  case  during  its  whole  course,  and  to  enforce  due 
observance  of  the  provisions  of  the  Public  Health  Act  as 
regards  isolation  and  disinfection.  This  has  special  importance 
in  connection  with  outbreaks  of  scarlet-fever,  di^jhtheria,  or 
enteric  fever  in  dairies,  schools,  etc. 

3.  Opportunity  of  oifering,  and  in  some  cases  compelling, 
removal  to  hospital  in  every  suitable  case,  unless  the  S.A. 
has  failed  to  provide  hospital  accommodation.  Vaccination 
can  be  offered,  and  is  rarely  refused  in  households  invaded  by 
small-pox. 

4.  Opportunity  of  investigating  the  sanitary  conditions  of 
all  households  in  which  cases  of  enteric  fever,  or  diphtheria,  or 
other  notified  disease  may  occur, 

5.  Power  to  control  the  sj^read  of  infection  through  schools 
or  other  centres,  b_y  excluding  members  of  infected  households. 

6.  Means  of  detecting  at  once  any  suspicious  grouping  of 
cases  around  schools,  milk  supplies,  water  supplies,  or  other 
common  foci.  A  comparison  of  the  data  obtained  by  the 
routine  inquiries  into  each  notified  case  will  at  once  reveal  this, 
although  there  may  be  nothing  in  any  single  case  to  arouse 
the  suspicions  of  the  friends  or  of  the  medical  attendant. 

In  a  number  of  towns  it  has  been  found  possible, 
with  the  aid  of  notification,  to  isolate  in  hospital  all  the 
cases  of  small-pox  and  thi^ee-quarters,  or  more,  of  the 
scarlet-fever,  and  ,to  establish  a  cordon  of  vaccination 
around  each  new  small-pox  centre.  Very  few  towns 
have  made  adequate  provision  for  the  hospital  isolation 
of  enteric  fever,  nor  is  there  as  yet  any  absolutely 
reliable  prophylactic  such  as  vaccination  to  be  offered, 
and,  uioreover,  the  danger  of  spread  of  infection 
fx'oni  person  to  person  by  ordinary  proximity  or 
contact  is  less  marked  than  in  small-pox  or  scarlet- 
fever  ;  hence  notification  brings  to  bear  comparatively 
slight  reinforcements  of  preventive  measures,  but  it 
has  great  value  in  bringing  to  light  any  grouping  of 
cases  around  a  water  or  milk  supply  or  other  common 
cause.     Diphtheria  is  more  readily  communicated 
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rom  person  to  person,  but  in  other  respects  the  same 
onsiderations  apply.  The  notification  of  diphtheria 
;in  scarcely  be  comjDlete  or  satisfactory,  owing  to  the 
umber  of  slight  and  almost  undistinguishable  cases, 
nd  hospital  isolation  upon  an  adequate  scale  has  not 
et  been  tried. 

Epidemic  prevalence  of  disease  is  determined  by 
iiany  causes,  of  which  some  are  still  unknown  to  us, 
-ud  others  (including  climatic  conditions)  are  beyond 
luman  control.  Against  such  influences,  unless  they 
liould  prove  to  be  operative  merely  by  increasing  the 
acilities  for  the  spread  of  infection  in  ordinary  ways 
rom  person  to  person,  notification  and  the  precautions 
.vhich  it  renders  possible  are  of  no  avail,  and  epidemics 
vill  continue  to  occur  in  spite  of  it.  Nevertheless  the 
mown  and  preventible  causes,  such  as  the  trans- 
riission  of  infection  from  person  to  person,  or  by  means 
f  milk,  are  factors  of  the  utmost  importance,  and  it 
>  safe  to  affirm  that,  however  great  or  however  small 
nay  be  the  total  number  of  victims,  the  suppression 
)f  known  and  preventible  favouring  conditions  renders 
he  danger  less  than  it  would  otherwise  have  been. 
I  ndividuals  may  be  saved,  and  widespread  outbreaks 
lelayed,  restricted,  or  averted. 

The  question  whether  measles  ought  to  be  added 

0  the  list  of  notified  diseases  is  an  important  one. 
It  is  more  than  doubtful  if  any  legislation  could  at 
(iresent  bring  about  a  complete  notification  of  measles, 
Hid,  if  such  could  be  obtained,  whether  it  would  be 
worth  while,  for  the  following  i-easons.  (i,)  Medical 
id  vice  is  frequently  not  taken  in  mild  forms  of 
measles,  (ii.)  It  is  a  purely  epidemic  disease,  which 
lias   no   relation  to    water    or   milk    supplies,  or 

»  defects  of  drainage,    (iii.)  There  is  no  vaccina- 

1  ion.  Isolation  and  disinfection  are,  therefore,  the 
')le  preventive  measures  which  could  be  brought 
>'j  bear  against  measles,  even  if  it  were  possible  to 
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obtain  complete  notification.  Isolation  in  the  homes 
of  the  poor  is  impracticable,  and  isolation  in  hospitals 
would  entail  a  formidable  addition  to  their  present 
size.  The  results  of  isolation  also  are  far  less  likely 
to  be  satisfactory  in  measles  than  in  scarlet- fever, 
and  as  a  very  large  proportion  of  the  sufferers  are 
infants,  there  would  be  great  reluctance  on  the  part 
of  parents  to  consent  to  removal,  (iv.)  Infection 
begins  generally  at  least  three  days  before  the  rash 
appears,  (v.)  There  is  a  long  incubation  period 
which  adds  to  the  difficulty,  (vi.)  Lastly,  measles 
is  often  so  widespread  that  few  susceptible  children 
among  the  working  classes  escape,  and  measures  of 
notification  and  isolation  would  be  on  too  vast  a  scale 
to  make  them  worth  while. 

That  valuable  information  would  be  derived  from 
notification  of  measles  cannot  be  doubted,  and  from 
this  point  of  view  its  inclusion  in  the  schedule  of 
notified  diseases  is  desirable.  It  is  urged,  also,  that 
even  an  incomplete  notification  would  be  invaluable  in 
rendering  possible  early  control  over  school-infection  ; 
that  hospital  isolation  of  measles  would  no  longer 
appear  impracticable  if  epidemics  were  not  allowed  to 
proceed  unchecked  ;  and  that  notification  of  measles 
would  bring  to  light  many  cases  of  scai'let-fever  which, 
in  the  absence  of  any  medical  inspection,  are  regarded 
by  the  parents  as  "  only  measles."  This  last  argument 
points  to  the  notification  of  rotheln  and  chicken-pox. 

The  same  considerations  apply  to  whooping  cough 
also.  About  2  per  cent,  of  the  sanitary  authorities  of 
Great  Britain  have  voluntarily  made  measles  a 
notifiable  disease  for  a  longer  or  shorter  period.  On 
the  whole,  however,  the  system  has  not  been  of 
permanent  value.  In  London  in  1904  the  disease 
was  scheduled  under  the  Public  Health  (London)  Act 
as  a  "  dangerous  infectious  disease  "  to  which  sections 
dealing  with  disinfection,  exposure  of  persons,  etc.. 
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should  apply.  Voluntaiy  notification  has  also  been 
applied  to  phthisis  in  a  nnmber  of  sanitary  districts, 
including  Manchester  Brighton,  and  many  of  the 
metropolitan  boroughs.  In  Sheffield,  by  a  local  Act 
of  1903,  compulsory  notification  of  phthisis  has  been 
established  for  an  experimental  period  of  seven  years. 
The  regulations  of  the  L.G.B.  require  that  upon 
receiving  information  of  any  outbreak  of  dangerous 
infectious  disease  the  M.O.H.  shall  at  once  make 
full  inquiries,  and  adopt  such  precautionary  measures 
as  he  may  consider  requisite.  The  necessary  inquiries 
and  investigations  are  simplified  and  made  more 
systematic  by  the  use  of  printed  forms  with  spaces  for 
the  insertion  of  the  details  for  each  notifiable  disease. 
Those  used  for  scarlet-fever,  entei-ic  fever,  and 
diphtheria,  should  give  prominence  to  the  details  of 
milk  supply  and  other  channels  of  infection. 

The  following  inquii-ies  should  be  made  in  all  cases  : — '■ 

1.  Patient. — Address,  name,  sex,  age,  date  of  onset,  date  of 
rash,  present  and  past  isolation,  probable  source  of  infection, 
recent  contact  with  infected  persons  or  things. 

2.  Household  (including  patient). — Sex  and  age  of  each 
inmate,  susceptibility  (as  shown  by  history  as  to  previous 
attack),  date  of  previous  attack  (if  any),  occupation,  place  of 
work  or  school,  and  date  of  last  attendance  thereat. 

3.  Work  or  business  carried  on  in  the  house. 

4.  Water  supply  and  milk  supply. 

5.  Sanitary  condition  of  premises  and  sunroundings. 

6.  Previous  cases  of  the  disease,  or  of  conditions  allied  to  it 
'>v  simulating  it  in  the  home  or  in  the  vicinity,  or  at  the  school 
or  work-place. 

7.  Possible  sources  of  infection: — (1)  Visits;  (2)  Visitors; 
(3)  Place  of  work;  (4)  Food,  milk,  ice  cream,  shell  fish, 
watercress,  etc. — what,  when,  where  purchased,  condition; 
(5)  Water;  (6)  Previous  cases  of  sick  headache,  sore  throat, 
or  diarrhoea  in  the  house  or  neighboui-hood ;  (7)  School, 
including  Sundays ;  (8)  Drain  nuisances,  at  or  near  house ; 
(9)  Tailoring,  washing,  manghng. 
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In  dealing  with  an  outbreak  of  small-pox,  further  inquiiy 
must  bo  made  regarding  the  condition  of  each  individual  as  to 
vaccination  and  revaccination,  noting  the  dates. 

In  enteric  and  diphtheria  cases  note  should  be  taken  of  the 
previous  state  of  health  of  the  patient,  the  duration  of  his 
residence  in  the  house,  and  the  occurrence  of  any  sickness 
among  domestic  animals. 

The  precautionary  measures  to  be  enjoined,  and  if  necessary 
enforced,  will  vary  with  the  nature  of  the  disease  and  the 
circumstances  of  each  individual  case. 

Registers  of  sickness. — From  the  report  sheets 
more  important  details  can  be  entered  in  registers, 
a  process  which  involves  very  little  cost  of  trouble 
and  time,  and  gives  a  comprehensive  view  of  the  facts 
that  cannot  be  attained  in  any  other  way.  Each 
disease  should  have  its  separate  registei-,  the  columns 
of  which  may  be  headed  as  follows  : — 


No. 

District. 
Address. 
Name  of  patient. 
Occupation, 
•  Sex. 
Age. 

Date  of  onset. 

„    „  notification. 

,,    ,,  receipt  of  ditto, 

,,    „  removal  to  hospital. 

,,    „  disinfection. 
Result,  and  date  of  recovery 

or  death. 


Place  of  work  or  school. 

Date  of  last  attendance  at 
ditto. 

Milk  supply. 

Water  supply. 

Sanitary  notes. 

Reference  to  other  casesl 

Other  cases  in  household. 

Medical  attendant. 

General  notes,  as  to  pre- 
cautions, history,  etc. 

(Vaccination  :  date  and  con- 
dition.) 


If  such  registers  are  kept  systematically,  any  sus- 
picious grouping  of  cases  in  any  given  locality,  or  in 
connection  with  any  particular  water  supply,  milk 
supply,  school,  or  workplace,  cannot  fail  to  attract 
attention  at  once. 

Disease  maps. — Maps  showing  the  distribution 
of  disease  according  to  locality  can  be  readily  prepared 
from  the  information  given  in  the  report  sheets  or 
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■egisters.  A  large-scale  map  is  needed  for  crowded 
listricts.  Each  disease  being  represented  by  a  parti- 
•ular  colour,  a  spot  of  this  colour  or  a  coloured 
lin  is  placed  on  every  house  invaded  by  the  disease  in 
[uestion.  Each  map  may  serve  for  one  or  more 
liseases,  and  for  a  whole  year,  or  such  shorter  time 
IS  may  be  determined. 

Isolation  of  the  patient.— Hospital  isolation 
-liould  be  urged  in  all  cases  where  practicable,  and  can 
i  e  enforced  under  the  conditions  specified  in  the 
Public  Health  Act,  1875,  s.  124,  and  the  Public 
Health  (London)  Act,  1891,  ss.  66  and  67.    Much  may 
lio  done  by  persuasion,  by  pointing  out  the  benefit 
to  be  derived  by  the  patient  as  regards  nursing,  food, 
and  greater   liberty  during  convalescence,  and  by 
explaining  the  j)i'otracted  course  of  the  disease,  the 
irisk  of  infection,  and  the  inconvenience  or  impossi- 
'bility  of  maintaining  due  isolation  at  home.  There 
^will  rarely  be  much  difficulty  in  removing  small-pox 
leases  {see  pp.  224-234). 

Failing  removal  to  hospital,  the  arrangements  for 
I  home  isolation  must  be  made  as  complete  as 
!  possible,  but  in  an  ordinary  household  of  the  working 
1  class  due  isolation  is  impracticable,  except  perhaps 
iat  first.  In  large  households  it  may  be  possible  to 
'  obtain  complete  isolation  and  to  maintain  it  through- 
out the  illness  upon  the  lines  indicated  below. 

(i.)  Arrangement  of  the  sick  room. — The  patient 
should  be  kept  in  one  or  two  rooms,  preferably 
at  the  top  of  the  house,  or  in  a  detached  wing, 
exclusively  set  apart  for  his  use.  A  fire  should  be 
kept  burning  for  the  sake  of  ventilation  and  destroy- 
ing waste  material,  even  when  not  required  for  heating 
purposes.  It  tends  to  secure  an  indraught  at  the 
door,  but  provision  must  be  made  for  the  constant 
entry  of  fresh  air  by  the  window  or  other  ventilator. 
The  door  must  be  kept  shut.    A  sheet  is  often  hung 
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outside  the  door,  and  is  useful  in  some  ways  ;  but 
little  is  gained  by  wetting  it  with  "  disinfectant " 
solutions,  since  any  infected  air  which  might  escape 
would  pass  under  or  round  it  rather  than  through 
it.  No  one  except  the  persons  in  actual  cliarge  of 
the  patient  should  be  allowed  to  enter  the  room. 
No  one  should  leave  the  room  without  washing  hands 
and  changing  outer  garments,  and  an  adjoining  room 
may  be  xised  for  this  purpose.  No  food  should  be 
taken  out  of  the  sick  room,  nor  any  clothing  or  utensils, 
without  previovis  disinfection.  Any  effluvia  in  the 
room  should  be  prevented  or  removed  by  free  ventila- 
tion ;  and,  if  necessary,  the  air  may  be  "  sweetened  " 
by  the  moderate  use  of  sanitas,  thymol,  chloride  of 
lime,  or  other  deodorant,  in  the  form  of  spray ;  but 
deodorants  should  not  be  regarded  as  disinfectants,  and 
in  other  parts  of  the  house  they  serve  no  useful  piu-pose 
whatever. 

(ii.)  Disinfection  during  the  illness. — A  plentiful 
supply  of  1  per  1,000  mercuric  chloride  solution  (or 
10  per  cent,  carbolic  solution)  should  be  provided. 
Disinfection  of  excreta  and  secretions  may  be  attempted 
by  adding  an  equal  bulk  of  the  solution,  which  may 
with  advantage  be  placed  in  the  vessel  before  receiving 
the  excreta.  Old  linen  should  be  used  in  place  of 
pocket-handkerchiefs,  and  after  use  thrown  into  the 
fire.  Linen,  etc.,  requiring  washing  should  be  placed 
in  a  large  vessel  filled  with  the  disinfectant  solution  ; 
such  articles  should  subsequently  be  rinsed  in  water  be- 
fore washing,  to  remove  the  disinfectant.  All  utensils 
should  be  similarly  disinfected  before  leaving  the  room. 

(iii. )  Fined  disinfection  at  the  end  of  the  case,  (a)  All 
linen,  cotton,  and  silk  articles  which  can  be  removed 
should  be  boiled  for  ten  minutes,  but  exception  must 
be  made  in  respect  of  certain  dyed  fabrics  and  other 
special  articles ;  (b)  all  movable  textile  materials 
which  cannot  be  boiled — including  blankets  and  other 
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oollen  materials,  beds,  pillows,  mattresses  (not,  of 
ourse,  spring  mattresses),  curtains,  hangings,  carpets, 
tugs,  etc.,  must  be  removed  and  disinfected  by  steam  ; 
Ic)  the  remaining  articles  must  be  laid  as  open  as 
)0ossil)le,  and  the  room  fumigated  by  sulphurous  acid, 
cormaldehyde,  or  chlorine  ;  (c?)  all  furniture  and  other 
movable  articles  should  be  taken  out  into  the  open 
Eair,  and  brushed,  washed,  or  beaten  ;  (e)  the  walls, 
coeiling,   floor,  and  all  surfaces  must   be  cleansed, 
ssprayed,  or  washed,  especial  attention  being  given  to 
ccrevices  and  corners.    It  is  an  additional  safeguard 
fcfco  strip  off  the  paper,  and  to  limewash  the  ceiling  and 
vwalls. 

None  of  these  precautions  can  safely  be  omitted 
vwhen  a  patient  suffering  from  small-pox,  scarlet-fever, 
(idiphtheria,  typhus,  measles,  whooping-cough,  mumps, 
rrotheln,  or  varicella,  is  kept  in  a  household  that 
I  contains  susceptible  persons.  In  enteric  fever,  how- 
lever,  the  infection  appears  to  be  limited  to  the  excre- 
ttions,  with  little  tendency  to  aerial  diffusion,  and  a 
lless  rigid  isolation  may  suffice  if  strict  attention 
lis  paid  to  the  disinfection  of  everything  that  has 
i  been  in  contact  with  the  patient,  especially  bedding, 
1  clothing,  and  other  articles  that  almost  inevitably 
\  become  infected. 

In  enteric  fever  and  cholera  the  evacuations 
should  be  regarded  as  capable  of  communicating  an 
infectious  quality  to  any  nightsoil  with  which  they 
are  mingled  in  privies,  drains,  or  cesspools ;  and  after 
such  disinfection  of  them  as  is  practicable,  they 
should  be  disposed  of  without  delay  and  under  the 
safest  conditions  that  local  circumstances  permit. 
They  should  not  be  thrown  into  any  fixed  privy 
receptacle,  and  above  all,  they  must  never  be  cast 
where  they  can  run  or  soak  into  sources  of  drinking 
water. 

In  the  event  of   death  taking  place  from  an 
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infectious  disease,  the  body  sliould  as  soon  as  possible 
be  placed  in  a  coffin  with  chlorinated  lime  or  other 
suitable  disinfectant,  and  should  be  buried  (or 
cremated)  with  no  longer  delay  tiian  is  necessary  to 
allow  the  fact  of  death  to  be  verified.  Holding  of 
"  wakes,"  large  funeral  assemblages,  and  exposure  of 
the  corpse  to  visitors,  are  especially  to  be  avoided,  as 
is  also  borrowing  of  mourning  dress  for  the  occasion 
of  the  funeral.  {See  also  L.G.B.  Memorandum,  190-5.) 

Diswifection  should  always  be  carried  out  under 
the  direction  of  the  sanitary  staff  at  the  end  of  the  case, 
but  disinfectants  may  be  supplied  gratuitously  by  the 
S.A.  for  use  during  the  illness.  Clothiucr  and  all 
movable  articles  should  either  be  boiled  at  home,  or 
removed  to  a  disinfecting  station  and  treated  by  steam 
or  hot  air ;  rooms,  and  articles  that  cannot  be  removed, 
should  be  disinfected  in  the  manner  described. 

When  the  patient  is  removed  to  hospital  the 
premises  may  be  disinfected  at  once,  but  the  occur- 
rence of  any  later  case  will,  of  course,  necessitate  a 
repetition  of  the  process. 

Home  cases  offer  more  difficulty.  The  final  dis- 
infection cannot  usefully  take  place  until  after  the 
end  of  the  infectious  stage,  as  determined  by  the 
written  certificate  of  the  medical  attendant  or  the 
judgment  of  the  IKE.O.H.  It  is  desii-able,  in  order 
to  prevent  misunderstanding,  to  fix  a  minimum 
interval  between  onset  and  final  disinfection,  which 
in  scarlet-fever  should  not  be  less  than  six  weeks, 
and  to  explain  this  and  the  reasons  for  it  upon  the 
printed  notices  left  at  the  house. 

Sanitary  defects  must  be  remedied,  and  any  clue 
or  even  suspicion  as  to  milk  or  water  infection  must 
be  followed  up  at  once.  It  may  be  necessary  to  com- 
municate with  employers  or  other  persons,  if  there  is 
reason  to  anticipate  neglect  of  due  precautions  against 
conveying  infection. 
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In  outbreaks  of  small-pox  it  is  necessary  to  pro- 
vide for  immediate  vaccination  or  revaccination,  and 
to  urge  it  not  only  upon  the  inmates  of  the  infected 
house,  but  also  upon  all  who  have  been  in  contact  with 
the  patient,  and  upon  his  neighbours  and  fellow  workmen, 

Qiiai-aiitiiie. — If  the  patient  is  removed  to 
hospital  and  disinfection  properly  carried  out,  it  is 
only  necessary  to  keep  the  household  under  observa- 
tion for  the  maximum  period  of  incubation  of  the 
disease  in  question.  If  the  case  is  treated  at  home, 
the  household  must  be  kept  under  a  certain  degree  of 
quarantine  until  the  last  case  has  ceased  to  be  infectious 
and  the  final  disinfection  has  been  completed. 

During  the  quarantine  period  no  children  from 
the  house  should  be  allowed  to  attend  school,  but 
this  restriction  may  be  relaxed  if  the  case  is  one  of 
enteric  fever.  The  same  exclusion  should  be  insisted 
upon  as  regards  certain  occupations,  notably  milk 
traffic,  nursing,  washing,  and  businesses  involving  the 
handling  of  food  ;  and  this  is  especially  important 
when  the  work  in  question  is  carried  on  in  the 
house.  Tailoring  and  all  forms  of  seamstress's  home- 
work should  be  forbidden.  Strict  injunctions  should 
be  given  against  admitting  persons,  especially  children, 
into  the  infected  house,  but  there  is  no  power  to 
enforce  this  hyelaw,  or  to  inflict  punishment  in  case 
of  default.  Exposure  of  infected  persons  or  articles 
in  any  public  place  is,  however,  dealt  with  under 
s.  126  of  the  Public  Health  Act,  1875,  and  s.  68  of 
the  London  Act,  1891.  As  regards  small-pox,  the 
quarantine  should  be  rigidly  enforced,  and  no  member 
of  an  infected  household  should  be  allowed  to  follow 
his  business  until  the  period  of  danger  is  over.  . 

In  some  towns  quarantine  stations  are  provided*, 
and  are  usually  attached  to  the  isolation  hospitals. 
The  sick  person  having  been  removed  to  hosi)ital,  free 
lodging  is  offered  to  the  rest  of  the  household  duiing 
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the  quarantine  period,  and  meanwhile  the  house 
and  its  contents  are  thoroughly  disinfected.  This 
plan  has  been  adopted  in  many  towns  in  cases  of 
small-pox,  and  its  utility  is  obvious. 

In  all  these  matters,  and  especially  in  the  removal 
of  the  patient  to  hospital,  due  consideration  should 
be  given  to  the  opinion  and  advice  of  the  medical 
attendant  by  whom  the  case  has  been  notified. 

Cautionary  and  advisory  notices  may  be  left  at 
the  house,  explaining  in  simple  language  the  pre- 
cautions that  are  necessary,  and  the  penalties  attending 
neglect  of  them.  Such  leaflets  should  include  directions 
as  to  isolation  and  disinfection,  and  instruction  to 
report  immediately  any  further  cases.  It  is  con- 
venient also  to  leave  a  post-card  addressed  to  the 
M.O.H.,  to  be  signed  by  the  medical  attendant 
when  in  his  judgment  the  period  of  infection  is 
at  an  end,  and  final  disinfection  of  the  pi-emises  is 
needed. 

Quarantine,  in  the  original  sense,  is  not 
observed  in  this  country.  The  special  precautions 
directed  against  the  importation  of  infection  from 
abroad  are  those  set  forth  in  the  new  L.G.B.  Order 
of  September  9th,  1907,  summai'ised  below. 

Keg:iila.tions  as  to  cholera,  yellow  fever, 
and  plagve. — The  Customs  OflBcer,  who  is  the  first  to 
board  the  ship,  must  as  far  as  possible  ascertain  whether  it 
is  "  infected  "  or  "  suspected,"  and  if  he  has  reason  to  believe 
that  it  is,  or  that  it  has  come  from  an  infected  port,  he  must 
obtain  from  the  master  (or  from  the  suryeon  if  there  be  one) 
a  written  statement  in  prescribed  form  declaring  the  occur- 
rence or  non-occurrence  of  cases  or  suspected  cases  during  the 
voyage.  If  he  finds  the  ship  to  be  infected  he  must  order 
the  master  to  anchor,  and  must  give  notice  to  the  S.A.  of 
the  port  at  which  the  ship  is  about  to  call. 

If  from  such  warning,  or  from  other  information,  the  M.O.H. 
has  reason  to  believe  that  any  ship  within  the  jnrisdiction  of 
his  S.A.  is  "infected"  or  suspected,"  he  must  forthwith  visit 
and  examine  it ;  and  may  do  so  if  it  comes  from  an  infected 


I  :hap.  xvi.]     Quarantine  Regulations. 


471 


i.  )ort.    If  he  finds  that  there  is  or  has  been  a  case  (of  one  of  the 
i  hree  diseases  in  question)  on  board,  he  must  certify  accord- 
(  ngly  to  the  master,  who  is  thereupon  bound  to  moor  in  the 
I.  jlace  appointed.     The  M.O.H.  must  then  examine  every 
i  lorson  on  board,  none  being  allowed  to  leave  the  ship  until 
p.  ihe  examination  is  made.    All  who  are  found  to  be  suffering 
r  'rom  such  disease  are  to  be  removed  to  the  hospital  or  place 
i  provided  bj'  the  S.A„  if  their  condition  admit  of  it,  and  must 
|-  lot  leave  such  place  until  the  M.O.H.  certifies  that  they 
lire  free  from  the  disease.    If  they  cannot  be  removed,  the  ship 
:  -emains  subject  to  the  control  of  the  M.O.H.,  without  whose 
v.vritten  consent  the  infected  persons  cannot  leave  the  ship, 
: Persons  certified  by  the  M.O.H.  to  be  suffering  from  an 
■  llness  which  he  suspects  may  prove  to  be  one  of  the  three, 
■may  be  detained  either  on  the  ship  or  in  some  place  provided 
by  the  S.A.,  for  not  more  than  two  days,  in  order  that  it 
iiimay  be  ascertained  whether  their  illness  is  or  is  not  of  the 
jskind  suspected.    No  person,  not  certified  as  above,  is  to  be 
Ifpermitted  to  land,  tiuless  he  satisfies  the  M.O.H.  as  to  his 
(t  name,  place  of  destination,  and  address  at  such  place  ;  and  the 
iJM.O.H.  must  give  such  names  and  addresses  to  the  clerk  of 
It  the  S.A.,  who  must  transmit  them  to  the  S.A.  of  the  dis- 
I"  tricts  in  question.    The  M.O.H.  must  give  directions  and 
t  take  such  steps  as  may  appear  to  him  to  be  necessary  for  pre- 
vventing  the  spread  of  infection,  and  the  master  of  the  ship 
rmust  carry  out  such  directions  as  are  given  to  him.     In  the 
event  of  a  case  ending  fatally  on  board,  the  master  must,  at 
t  the  direction  of  the  S.A.,  either  bury  the  body  at  sea,  pro- 
fperly  weighted,  or  deliver  it  to  the  S.A.  for  interment.  He 
r  must  disinfect,  and  if  necessary  destroy,  the  clothing,  bedding, 
land  other  articles  of  personal  use  likely  to  retain  infection, 
'which  have  been  used  by  infected  persons  ;   and  disinfect  the 
-ship,  and  disinfect  or  destroy  all  articles  therein  probably 
infected,  according  to  the  directions  of  the  M.O.H.     If  he 
believes  the  ship  to  be  infected,  or  to  come  from  an  infected 
,  port,  the  M.O.H.  may  order  the  bilge  water  and  water  ballast 
■.  to  be  pumped  out  before  the  ship  enters  dock  ;  or  may  cause 
the  water-ballast  tanks  to  be  sealed,  if  emptying  them  would 
endanger  the  ship.    He  may  order  all  casks  or  tanks  containing 
drinking  water  to  be  emptied  and  cleansed,  on  the  S.A. 
;  providing  a  proper  supply. 

Where  a  vessel  is  not  infected,  but  has  passengers  on  board 
"  who  are  in  a  filthy  or  otherwise  unwholesome  condition,  the 
?  M.O.H.  may  certify  to  the  master  that  in  his  opinion  it  is 
desirable,  with  a  view  to  checking  the  introduction  or  spread 
of  cholera,  yellow  fever,  or  plague,  that  no  persons  should  be 
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allowed  to  land  until  they  have  satisfied  him  as  to  their  names 
and  places  of  destination,  and  addresses  at  such  place.  There- 
upon the  same  measures  are  to  be  adopted  as  in  case  of  persons 
permitted  to  leave  an  infected  ship. 

The  master  of  a  ship  "infected"  with  plaf^ue  or  "  sub- 
pected  "  of  it  shall,  under  the  direction  of  the  M.O.H.,  employ 
suitable  means  for  the  effectual  destruction  of  rats.  The  same 
applies  to  ships  coming  from  plague-infected  ports,  or  those 
upon  which  there  has  been  an  unusual  mortality  among  rats. 
In  ships  *' infected  "  by  yellow  fever,  or  "  suspected "  of  it, 
or  which  have  come  from  parts  infected  with  that  disease,  the 
master  shall  efi'octually  destroy  mosquitoes  and  their  larvEe 
to  the  satisfaction  of  the  M.O.H.,  who  shall  certify  the  action 
taken. 

The  master  of  an  "infected"  or  "suspected"  ship  must 
hoist  at  the  mast-head  a  large  yellow  and  black  flag,  borne 
quarterly,  when  the  ship  is  within  three  miles  of  the  coast  of 
England  and  Wales,  and  at  night,  at  a  height  of  not  less  than 
20  feet  above  the  hull  of  the  ship,  a  night  signal  of  three  lights 
in  triangular  form,  six  feet  apart,  the  top  light  white  and  the 
two  lights  at  the  base  red  in  colour. 

The  expression  "infected  ship"  means  a  ship  which  at  the 
time  of  its  arrival  from  a  foreign  port  has  on  board  a  case  of 
cholera,  yellow  fever,  or  plague,  or  which  has  had  on  board  a 
case  of  cholera  or  plague  within  a  period  of  seven  daj's,  or  of 
yellow  fever  within  a  period  of  eighteen  daj's,  prior  to  that 
time.  The  expression  "  suspected  ship  "  means  a  ship  which 
has  had  on  board  during  the  voyage,  or  during  the  stay  of  the 
ship  in  the  port  of  departure,  or  in  a  port  in  the  course  of  the 
voyage,  a  case  of  cholera,  yellow  fever,  or  plague,  but  which 
has  not  had  on  board  a  fresh  case  of  cholera  or  plague  within 
a  period  of  seven  days  or  of  j'ellow  fever  within  a  period  of 
eighteen  da^  s  prior  to  the  time  of  its  arrival  from  a  foreign 
port. 

The  L.G.B.  have  from  time  to  time  issued  and 
revoked  Orders  of  a  similar  nature  to  the  above,  both 
for  ships  coming  foreign  and  for  outward  bound  and 
coasting  ships,  under  powers  conferred  on  the  Board 
by  the  Public  Health  Acts  1875,  1891,  1896,  and 
1904. 
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CHAPTER  XVII 

MEDICAL  OFFICERS  OF  HEALTH  AND  SANITARY 
INSPECTORS 

I'iVERY  Sanitary  Authority  is  required  (Public  Health 
LLCt,  1875,  sees.  189,  190)  to  appoint  one  or  more 
medical  officers  of  health  and  an  inspector  of  nuisances. 
''Vo  or  more  S.A,  may  appoint  the  same  M.O.H. ; 
Dnd,  apart  from  this,  the  L.G.B.  is  empowered 
i.5.  286)  compulsorily  to  unite  districts  for  the  purpose 
tf  appointing  a  M.O.H.  County  Councils  are  autho- 
idsed,  by  s.  17  of  the  Local  Government  Act,  1888, 

00  appoint  (county)  medical  officers  of  health,  who 
rre  forbidden  to  hold  other  appointments  or  engage 
11  private  practice  without  the  written  consent  of  the 
Council. 

If  any  part  of  the  salary  of  the  M.O.H.  of  a 
>ocal  authority  is  repaid,  the  L.G.B.  has  the  same 
>*  owers  in  regard  to  qualification,  appointment,  duties, 
ii  ilary,  and  tenure  of  office  as  it  has  in  the  case  of  a 
^■'oor  Law  medical  officer  (Public  Health  Act,  s.  191). 

f^iialificatioiis. —  The  Orders  issued  by  the 
jj.G.B.  require  that  the  M.O.H.  shall  be  registered 

1  inder  the  Medical  Act  of  1858,  and  be  qualified  by  law 
"0  practise  both  medicine  and  surgery  in  England  and 
^A^ales.    The  powers  of  the  Board  in  this  respect  are 

)ractically  superseded  by  the  Local  Government  Act, 
.888,  s.  18  of  which  requires  that  (except  when 
-he  L.G.B. ,  for  reasons  brought  to  their  notice,  may 
ice  fit  in  particular  cases  especially  to  allow)  every 
iSS.O.H.  appointed  after  the  passing  of  the  Act  shall 
)e  legally  qualified  for  the  practice  of  medicine, 
:urgery,  and  midwifery ;  and  further,  by  the  same 
lection,  he  must,  if  appointed  after  the  1st  of 
fanuary,   1892,   to  a   district    having  at  the  last 
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census  50,000  inhabitants  or  more,  appear  in  the 
Medical  Register  as  the  holder  of  a  diploma  in 
Sanitary  Science,  Public  Health,  or  State  Medicine 
under  s.  21  of  the  Medical  Act,  1886  ;  or  have 
been,  during  some  three  consecutive  years  prior  to 
1892,  a  medical  officer  of  a  disti'ict  with  a  population 
(according  to  the  last  census)  of  not  less  than  20,000; 
or  have  been  for  not  less  than  three  years  a  medical 
officer  or  inspector  of  the  L.G.B- 

Tenure  of  office. — The  L.G.B.  have  no  control 
over  the  tenure  of  office  unless  a  portion  of  the  salary 
is  repaid  to  the  S.A.*  If  the  M.O.H.  be  appointed 
under  the  latter  condition,  he  may  continue  to  hold 
office  for  such  period  as  the  S.A.  may,  with  the  ap- 
pi'oval  of  the  L.G.B.,  determine,  or  until  he  die  or 
resign,  or  be  removed  •  by  such  Authority  with  the 
consent  of  the  L.G.B.,  or  by  the  L.G.B.  The  S.A. 
may  suspend  him,  but  must  forthwith  report  their 
action,  together  with  the  cause,  to  the  L.G.B,, 
the  latter  Board  having  the  power  to  remove  the 
suspension.  If  a  S.A.  desire  to  change  the  duties 
or  salary  of  an  officer  (or  any  change  be  made  in  the 
extent  of  the  district),  and  he  decline  to  acquiesce 
therein,  they  may  give  him  six  months'  notice  to 
determine  his  appointment,  but  only  with  the  consent 
of  the  L.G.B. 

Salary. — This  is  only  controlled  by  the  L.G.B. 
in  cases  as  above  ;  the  salary  has  then  to  be  approved 
by  the  L.G.B.,  and  with  the  consent  of  this  Board  a 
reasonable  compensation  may  be  paid  by  the  Authority 
on  account  of  extraordinary  services  or  other  un- 
foreseen or  special  circumstances  in  connection  with 
the  duties  of  the  M.O.H.  or  the  necessities  of  the 
district. 

*  These  contributions,  amounting  to  half  the  salary,  are  paid  by 
County  Councils  on  the  certillcate  of  the  L.G.B.,  if  claimed  by  tlie  S.A., 
and  if  copies  of  the  reports  have  been  duly  received  by  the  Board  and  by 
the  County  Council. 
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Duties.  —The  duties  of  medical  officers  of  health 
s  prescribed  by  the  L.G.B.  are  the  same  whether  a 
outribution  is  made  to  the  salary  or  not,  except  that 
1  the  latter  case  the  officer  is  obliged  to  report  his 
ppointment  within  seven  days  to  the  L.G.B. 

The  following  duties  are  prescribed  by  the  Board's 
)rder  of  1891  (Art.  18),  for  every  medical  officer  of 
calth  appointed  or  reappointed  after  that  date  : — 

(1)  He  shall  inform  himself  as  far  as  practicable  respecting 
U  influences  affecting,  or  thi-eatening  to  affect,  injuriously  the 
ublic  health  within  the  district. 

(2)  He  shall  inquire  into  and  ascertain  by  such  means  as  are 
i:  t  his  disposal  the  causes,  origin,  and  distribution  of  diseases 
nrithin  the  district,  and  ascertain  to  what  extent  the  same  have 
kepended  on  conditions  capable  of  removal  or  mitigation. 

(3)  He  shall,  by  inspection  of  the  district,  both  systemati- 
stally  at  certain  periods,  and  at  intervals  as  occasion  may 
require,  keep  himself  informed  of  the  conditions  injurious  to 
wealth  existing  therein. 

(4)  He  shall  be  prepared  to  advise  the  S.  A.  on  all  matters 
h  ifEecting  the  health  of  the  disti-ict,  and  on  all  sanitary  points 
itnvolved  in  the  action  of  the  S.A.  ;  and  in.  cases  requiring  it 
1:18  shall  certify  for  the  guidance  of  the  S.A.  or  of  the  justices 
i.'is  to  any  matter  in  respect  of  which  the  certificate  of  a 
JiSI.O.H.  or  a  medical  practitioner  is  required  as  the  basis  or 
i:  n  aid  of  sanitary  action. 

(5)  He  fhaU  adA-ise  the  S.A.  on  any  question  relating  to 
Health  involved  in  the  framing  and  subsequent  working  of  such 
bbyelaws  and  regulations  as  they  may  have  power  to  make,  and 
i  13  to  the  adoption  by  the  S.A.  of  the  Infectious  Disease  (Pre- 

••fntion)  Act,  1890,  or  of  any  section  or  sections  of  such  Act. 

(6)  On  receiving  information  of  the  outbreak  of  any  con- 
lugious,  infectious,  or  epidemic  disease  of  a  dangerous  character 
within  the  district,  he  shall  visit  the  spot  without  delay,  and 
inquire  into  the  causes  and  circumstances  of  such  outbreak,  and 
in  case  he  is  not  satisfied  that  all  due  precautions  are  •  being 
taken,  he  shall  advise  the  persons  competent  to  act  as  to  the 
measures  which  may  appear  to  him  to  be  required  to  prevent 
the  extension  of  the  disease,  and  take  such  measures  for  the 
prevention  of  the  disease  as  he  is  legally  authorised  to  take  under 

:  any  statute  in  force  in  the  district,  or  by  any  resolution  of 
the  S.A. 

(7)  Subject  to  the  instructions  of  the  S.A.,  he  shall  direct 
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or  superintend  the  work  of  the  inspector  of  nuisances  in  the 
way  and  to  the  extent  that  the  S.A.  shall  approve,  and  on 
receiving  information  from  the  inspector  of  nuisances  that  lii> 
intervention  is  required  in  consequence  of  the  existence  of  any 
nuisance  injurious  to  health,  or  of  any  overcrowding  in  a 
house,  he  shall,  as  early  as  practicable,  take  such  steps  as  he  is 
legally  authorised  to  take  under  any  statute  in  force  in  the 
district,  or  by  any  resolution  of  the  S.A.,  as  the  circumstances 
of  the  case  maj"^  justify  and  require. 

(8)  In  any  case  in  which  it  may  appear  to  him  to  be  neces- 
sary or  advisable,  or  in  which  he  shall  be  so  directed  by  the  S,A., 
he  shall  himself  inspect  and  examine  any  animal,  carcase, 
meat,  poultrj',  game,  flesh,  fish,  fruit,  vegetables,  corn,  bread, 
flour,  or  milk,  and  any  other  article  to  which  the  pro-^dsions  of 
the  Public  Health  Act,  1875,  in  this  behalf  shall  apply, 
exposed  for  sale,  or  deposited  for  the  purpose  of  sale,  or  of  pre- 
paration for  sale,  and  intended  for  the  food  of  man,  which  is 
deemed  to  be  diseased,  or  unsound,  or  unwholesome,  or  unfit' 
for  the  food  of  man  ;  and  if  he  finds  that  such  animal  or  article 
is  diseased,  or  unsound,  or  unwholesome,  or  unfit  for  the  food 
of  man,  he  shall  give  such  directions  as  may  be  necessary  for 
causing  the  same  to  be  dealt  with  by  a  justice  according  to 
the  provisions  of  the  statutes  applicable  to  the  case. 

(9)  He  shall  perform  air  the  duties  imposed  upon  him  by 
any  byelaws  and  regulations  of  the  S.A.,  duly  confirmed, 
where  confirmation  is  legally  required,  in  respect  of  any 
matter  affecting  the  public  health,  and  touching  which  they 
are  authorised  to  frame  byelaws  and  regulations. 

(10)  He  shall  inquire  into  any  offensive  process  of  trade 
carried  on  within  the  district,  and  report  on  the  appropriate 
means  for  the  prevention  of  any  nuisance  or  injury  to  health 
therefrom. 

(11)  He  shall  attend  at  the  office  of  the  S.A.,  or  at  some 
other  appointed  place,  at  such  stated  times  as  they  may  direct. 

(12)  He  shall  from  time  to  time  report  in  writing  to  the 
S.A.  his  proceedings,  and  the  measures  which  may  require  to 
be  adopted  for  the  improvement  or  protection  of  the  public 
health  ■  in  the  district.  He  shall  in  like  manner  report  with 
respect  to  the  sickness  and  mortality  within  the  district,  so 
far  as  he  has  been  enabled  to  ascertain  the  same. 

(13)  He  shall  keep  a  book  or  books,  to  be  provided  by  the 
S.A.,  in  which  he  shall  make  an  entry  of  his  visits,  and  notes 
of  his  observations  and  insti'uctions  thereon,  and  also  the  date 
and  nature  of  applications  made  to  him,  the  date  and  result  of 
the  action  taken  thereon,  and  of  any  action  taken  on  previous 
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ports  ;   and  shall  produce  such  book  or  books,  whenever 
equired,  to  the  S.A. 

(14)  He  shall  also  make  an  annual  report  to  the  S.A.  up 
)  the  31st  of  December  in  each  year,  comprising  a  summary  of  • 
he  action  taken,  or  which  he  has  advised  the  S.A.  to  take, 
iring  the  year  for  preventing  the  spread  of  disease,  and  an 
Lcount  of  the  sanitary  state  of  his  district  generally  at  the  end 
)f  the  year.    The  report  shall  also  contain  an  account  of  the 
iiquiries  which  he  has  made  as  to  conditions  injurious  to 
■alth  existing  in  his  district,  and  of  the  proceedings  in  which 
has  taken  part  or  advised  under  any  statute,  so  far  as  such 
'l  oceedings  relate  to  those  conditions ;  and  also  an  account  of 
hi>  super-\dsion  exercised  by  him,  or  on  his  advice,  for  sanitary 
irposes,  over  places  and  houses  that  the  S.A.  have  power  to 
i;  ulate,  with  the  nature  and  results  of  any  proceedings  which 
ly  have  been  so  required  and  taken  in  respect  of  the  same 
luring  the  year.    It  shall  also  record  the  action  taken  by  him, 
n-  on  his  advice,  during  the  year,  in  regard' to  offensive  trades, 
n  dairies,  cowsheds,  and  milkshops,  and  to  factories  and 
iikshops.    The  report  shall  also  contain  tabular  statements 
•a  forms  to  be  supplied  by  the  L.G.B.  or  to  the  like  effect) 
•i  the  sickness  and  mortality  within  the  disti-ict,  classified  ac- 
ading  to  diseases,  ages,  and  localities.    Provided  that  if  the 
M.O.H.  shall  cease  to  hold  office  before  December  31st  in 
my  year,  he  shall  make  the  like  report  for  so  much  of  the 
}  year  as  shall  have  expired  when  he  ceases  to  hold  office. 

(15)  He  shall  give  immediate  information  to  the  L.G.B.  of 
iiany  outbreak  of  dangerous  epidemic  disease  within  the  district, 
a  ind  shall  transmit  to  the  Board  a  copy  of  each  annual  report 
tiand  of  any  special  report.  He  shall  make  a  special  report  to 
|!  the  L.G.B.  of  the  grounds  of  any  advice  he  may  give  to  the 
SS.A.  with  a  view  to  the  closm-e  of  any  school  or  schools,  in 

pursuance  of   the.  Code  of   Kegulations   approved  by  the 
\  Education  Department,  and  for  the  time  being  in  force. 

(16)  At  the  same  time  that  he  gives  information  to  the 
1  L.G.B.  of  the  outbreak  of  infectious  disease,  or  transmits  to 

them  a  copy  of  his  annual  or  any  special  report,  he  must  give 
;  the  like  information,  or  transmit  a  copy  of  such  report,  to  the 
I  County  Council  of  the- county  in  which  his  district  is  situated. 

(17)  In  mattersnotspecifically  provided  for  in  this  Order  he 
■  shall  observe  and  execute  any  instructions  issued  by  the 
J  L.G.B.,  and  the  lawful  orders  and  directions  of  the  S.A. 
I  applicable  to  his  office. 

(18)  Whenever  the  L.G.B.  shall  make  regulations  for  all 
or  any  of  the  purposes  specified  in  s.  134  of  the  Publip 
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Health  Act,  1875,  and  shall  declare  the  regulations  so  made  to 
be  in  force  within  any  area  comprising  the  whole  or  any  part 
of  the  district,  ho  shall  observe  such  regiilations,  so  far  as  the 
•  same  relate  to  or  concern  his  office. 

The  duties  of  the  medical  officer  of  health  to  a 
Port  S.A,  are  defined  by  the  L.G.B.  in  terms  which 
are  closely  parallel  to  those  given  above,  omitting  the 
references  to  regulated  trades  and  inspection  of  food, 
and  substituting  "ships"  for  "houses,"  and  "  shipping 
within  the  district"  for  "district." 

"  He  shall  inform  himself  as  far  as  practicable  respecting 
all  conditions  affecting  or  threatening  to  affect  injuriouslj'-  the 
health  of  crews  and  other  persons  on  ship-board  withm  the 

district  He  shall  inquire  into  and  ascertain  by 

such  means  as  are  at  his  disposal,  the  causes,  origin,  and  dis- 
tribution of  diseases  in  the  ships  and  other  vessels  within  the 
district,  and  ascertain  to  what  extent  the  same  have  depended 

on  conditions  capable  of  removal  or  mitigation  

He  shall,  by  inspection  of  the  shipping  in  the  district,  keep 
himself  informed  of  the  condition  injurious  to  health  existing 

therein  On  receiving  information  of  the  arrival 

"within  the  district  of  an)'  ship  having  anj'  infectious  or 
epidemic  disease  of  a  dangerous  character  on  board,  or  of  the 
outbreak  of  any  such  disease  on  board  any  ship  within  the 
district,  he  shall  visit  the  vessel  without  delay,  and  inquire 
into  the  causes  and  circumstances  of  such  outbreak,  and  advise 
the  persons  competent  to  act  as  to  the  measures  which  may 
appear  to  him  to  be  required  to  prevent  the  extension  of  the 
disease,  and  so  far  as  he  may  be  lawfully  authorised  to  assist 
in  the  execution  of  the  same  On  receiving  in- 
formation from  the  Inspector  of  Nuisances  that  his  intervention 
is  required  in  consequence  of  the  existence  of  any  nuisance 
injurious  to  health,  or  of  any  overcrowding  in  a  ship,  he  shall, 
as  early  as  practicable,  take  such  steps  authorised  by  the  Public 
Health  Act,  1875,  on  that  behalf,  as  the  circumstances  of  the 

case  may  justify  and  require  AVhen  any  vessel 

within  his  district  has  had  dangerous  infectious  disease  on 
board,  he  shall  give  notice  thereof  to  the  M.O.H.  of  any  port 
■within  the  United  Kingdom  whither  such  vessel  is  about  to 
sail." 

The  substance  of  Clauses  4,  5  (omitting  the  refer- 
ence to  the  Infectious  Disease  Prevention  Act),  9,  11, 
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^.  13,  14  (omitting  tlie  reference  to  trades,  etc.),  15 
(Uiitting  the  reference  to  schools),  17,  and  18,  of  the 
J'Qties  of  M.O.H.,  is  applicable   to  Port  M.O.H., 
'tatis  mutandis. 

The  statutory  duties  of  county  medical  officers  of 
•alth  have  not  yet  been  authoritatively  defined. 

Aiiiiiial    reports. — The  following  instructions 
ave  been  issued  by  the  L.G.B.,  1907  : — 

Every  M.O.H.,  appointed  under  Order  of  the  L.Q-.B., 

requii-ed  to  make  an  annual  report  with,  regard  to  each 
Hiitary  district,  or  division  of  a  district,  which  is  under  his 
iporintendence.    This  report  is  to  he  for  the  year  ending  the 
1st  of  Decemher,  oi-,  if  the  officer  at  that  date  has  not  heen  in 
tlice  for  a  whole  year,  then  for  so  much  of  the  year  as  has 
1  ipsed  since  his  appointment.    The  report  is  to  be  made  to 
I  he  Council  by  whom  he  is  appointed,  and   the  M.O.H. 
limself  should  send  a  copy  of  it  to  the  L.G.B.  and  to  the 
'ounty  Council  or  County  Councils  of  the  county  or  counties 
vithin  which  his  district  may  be  situated.    It  should  be  made 
vi  soon  as  practicable  after  the  expiration  of  the  year  to  which 
t  relates.    The  M.O.H.  ought  not,  in  general,  to  have  any 
lifBculty  in  doing  this  within  a  month  or  six  weeks  ;  but  if 
:rom  any  special  circumstances  the  report  cannot  be  completed 
within  six  weeks,  it  should  be  understood  that  the  delay  must 
not  be  indefinite,  and  that  the  report  should  be  in  the  hands  of 
his  Council,  and  of  the  Board,  within,  at  most,  three  months 
ti  om  the  end  of  the  year.    Any  special  circumstances  prevent- 
ing the  delivery  of  the  Board's  copy  within  two  months  from 
■  the  end  of  the  year  should  at  once  be  reported  to  the  Board. 
IThe  Board's  copy  of  the  report  should  be  forwarded  to  them 
Twhen  the  original  is  sent  to  the  Council,  except  where  the 
"report  is  likely  to  be  printed  by  order  of  the  Council.  In 
'  such  cases  the  Board  need  only  be  supplied  with  a  printed 
*  copy.    It  is  very  desirable  that  the  annual  report  should  be 
printed,  for  the  sake  of  facility  of  reference  and  in  order  that 
a  supply  of  copies  may  be  available  for  distribution  among  the 
Town  or  District  Councillors  and  other  persons  interested. 
Article  18  (s.  14)  of  the  Board's  Order  of  March,  1891, 
:  respecting  the  duties  of  the  M.O.H.,  specifies  the  infor- 
raation  to  be  contained  in  the  annual  report. 

The  report  should  be  chiefly  concerned  with  the  conditions 
affecting  health  in  the  district  and  with  the  means  for  improv- 
;  ing  those  conditions.   It  should  contain  an  account,  brought 
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up  to  the  end  of  the  5-car  under  review,  of  the  sanitary  circum- 
stances  of  the  district,  and  of  any  improvement  or  deterioration 
in  these  circumstances  which  may  have  occurred  during  the 
year.  Care  should  be  taken  to  report  fully  and  explicitly  on 
the  influeuces  affecting  or  threatening  to  affect  injuriously  the 
public  health  in  the  district,  and  on  the  action  which  has  been 
taken,  or  which  may  still  be  needed,  with  a  view  to  combat 
those  influences.  It  is  of  especial  importance  that  the 
M.O.H.  should  record  what  action  has  been  taken  to 
remedy  unhealthy  conditions  which  have  been  reported  by  him 
in  previous  annual  reports,  or  in  special  reports  presented 
during  the  year  under  review,  and  that  attention  should  be 
called  afresh,  year  by  year,  to  such  as  remain  unremedied. 

As  subjects  concerning  which  the  Board  desire  to  obtain, 
thi'ough  annual  reports  of  the  M.O.H.,  not  only  definite 
general  information,  but  record  also  of  particular  changes  of 
condition  that  may  have  occurred  incidentally  or  by  action  of 
the  local  authority,  the  following  deserve  to  be  especially 
borne  in  mind  : — * 

General  and  physical  features  of  the  district  and  conditions 
of  its  population. 

The  chief  occupations  of  the  inhabitants  and  the  influence 
of  any  particular  occupation  on  public  health. 

House  accommodation,  especially  for  the  working  classes  : 
its  adequacy  and  fitness  for  habitation.  Sufficiency  of  open 
space  about  houses,  and  cleanliness  of  surroundings.  Super- 
^'ision  over  erection  of  new  houses.  Action  under  the  Housing 
of  the  Working  Classes  Act. 

Sewerage  and  drainage :  its  sufficiency  in  all  parts  of  the 
district.  Condition  of  sewers  and  house  drains.  Method  or 
methods  of  disposal  of  sewage.  Localities  where  improvements 
are  needed. 

Pollution  of  rivers  and  streams  in  the  district ;  the  sources 
and  nature  of  such  pollution  and  any  action  taken  to  check  it. 

Excrement  disposal :  system  in  vogue  ;  defects,  if  any. 

Removal  and  disposal  of  house  refuse— whether  bj'  public 
scavenger  or  occupiers :  frequency  and  method. 

Water  supply  of  the  district  or  its  several  parts  :  its  source 
(from  public  service  or  otherwise),  nature  (river  water,  well 
water,  uj)land  water,  etc.),  sufficiency,  wholesomeness,  and 

.  *  This  list  is,  of  course,  not  exhaustive.  Additional  details  are : — 
Common  lodging-houses,  tenement-houses,  back-to-back  houses;  House 
drainage  and  connections  ;  Burial  grounds  ;  Action  taken  under  the  above, 
and  under  the  Sale  of  Pood  and  Drugs  Acts  ;  Canal  Boats  Act ;  Meteoro- 
logical data  ;  Prevalence  of  epizootic  or  epiphytic  disease  ;  Vaccinaticm 
(latest  available  returns) ;  Legal  proceedings. 
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reodom  (by  special  treatment  or  otherwise)  from  risks  of 
pollution. 

Places  over  wMch  the  Council  have  supervision,  e.g., 
odging-houses,  slaughterhouses,  dairies,  cowsheds,  and  milk- 
ihops,  bakehouses,  factories  and  workshops,  and  offensive 
radcs. 

Schools,  especially  public  elementary  schools  ;  sanitary  con- 
lition  of,  including  water  supply  ;  action  taken  in  relation  to 
he  health  of  the  scholars,  and  for  preventing  the  spread  of 
nfectious  disease. 

Byelaws  :  steps  taken  for  their  enforcement,  any  need  of 
imendment,  or  of  further  byelaws. 

Nuisances :  proceedings  for  their  abatement — any  remain- 
ng  unabated. 

Methods  of  dealing  with  infectious  diseases  :  notification ; 
solation  hospital  accommodation  and  its  sufficiency ; 
lisinfection. 

With  regard  to  such  points  it  should  be  remembered  that 
:hese  reports  are  for  the  inforruation  of  the  Board  and  of  the 
County  Council  as  well  as  of  the  Council  of  the  district,  and 
[hat  a  statement  of  the  local  circumstances  and  a  history  of 
local  sanitary  questions  which  may  seem  superfluous  for  the 
latter  may  often  be  needed  by  the  former  bodies. 

In  reference  to  schools  it  is  desired  to  draw  particular 
xttention  to  the  medical  inspection  of  school  children,  under 
the  Education  (Administrative  Provisions)  Act,  1907.  This 
Act  does  not  confer  powers  in  supersession  of  those  heretofore 
exercised  generally  in  a  public  health  sense  by  the  S.A. 
under  previous  enactments ;  rather  it  is  supplementary  to 
i.'xisting  Public  Health  Law  in  that  it  requires  supervision  of 
the  health  of  the  individual  child.  The  arrangements  to  this  end 
to  be  made  by  Local  Education  Authorities  will  no  doubt  vaxy 
with  the  diverse  circumstances  of  different  districts,  but  it  is 
aanticipated  that  in  most  districts  the  wurk  will,  in  accordance 
^with  the  advice  of  the  Board  of  Education,  be  carried  out  in 
(■conjunction  with  that  of  the  M.O.H.,  or  at  least  under  his 
•supervision.      Where  ihe  M.O.H.  is  also  School  Medical 
Officer  it  may  be  convenient  that  the  annual  report  which  he 
lis  required  to  make  in  the  latter  capacity  should  be  issued 
{together  with  his  annual  report  on  the  health  of  his  district, 
lit  is  the  desire  alike  of  the  L.G.B.  and  of  the  Board  of  Edu- 
e cation  that  the  relations  of  the  local  S.A.  and  the  Local 
!  Education  Authority,  whether  or  not  these  bodies  or  their 
( officers  happen  to  be  identical,  should  be  intimate  and  cordial 
i  in  order  that  the  administrative  procedures  of  both  bodies 
s  should  be  reciprocally  helpful. 

Q 
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Section  132  of  the  Factory  and  Workshop  Act,  1901, 
requires  that — 

"  The  M.O.H.  of  every  District  Council  shall,  in  his 
annual  report  to  them,  report  spccilically  on  tlio  administration 
of  this  Act  in  workshops  and  workplaces,  and  he  shall  send  a 
copy  of  his  annual  report,  or  so  much  of  it  as  deals  with  this 
suhject,  to  the  Secretary  of  State." 

The  copy  should  be  addressed  to  the  Secretary  of  State, 
Home  Office,  Whitehall,  and  the  foregoing  remarks  with 
respect  to  the  transmission  of  the  report  to  the  Xj.Gt.B.  apply 
also  to  its  transmission  to  the  Home  Office. 

The  M.O.H.  is  required  to  report  on  the  administration 
of  the  Factory  and  Workshop  Act,  1901,  only  in  so  far  as  this 
administration  is  in  the  hands  of  the  District  Council  and  is 
concerned  with  matters  in  his  department.  In  reporting  on 
the  sanitary  administration  of  workshops  and  workplaces  he 
should  include  an  account  of  the  action  with  respect  to 
factories,  workshops,  and  workplaces  taken  under  the  Public 
Health  Acts  as  well  as  under  the  Factory  and  Workshop  Act. 

In  reporting  on  the  sanitary  condition  of  "workshops  and 
workplaces  the  M.O.H.  should  state  what  action  has  been 
taken  to  remedy  any  defective  conditions  met  with  imder  each 
heading.  He  should  state  whether  s.  22  of  the  Public  Health 
Acts  (Amendment)  Act,  1890,  is  in  force  in  the  district,  and 
what  standard  of  "  sufficienc)'  and  suitability "  of  sanitary 
accommodation  is  adopted  locally. 

The  M.O.H.,  in  reporting  his  proceedings  and  advice,  should 
put  on  record  whether  he  has  made  sj'stematic  inspections  of 
his  district.  By  "  systematic  inspections  "  are  meant  inspec- 
tions independent  of  such  inquiries  as  the  M.O.H.  may 
have  to  make  into  particular  outbreaks  of  disease,  or  into 
unwholesome  conditions  to  which  his  attention  has  been 
specially  called  by  complaints  or  otherwise;  and  such 
inspections  will  include  the  house-to-house  inspections  which 
may  be  necessary  in  particular  localities. 

In  making  systematic  inspections,  as  in  much  of  his  other 
action,  the  M.O.H.  will  usually  have  required  the  assistance 
of  the  Inspector  of  Nuisances ;  and  the  Medical  Officer  should 
include  in  his  report  an  account  of  the^action  which,  at  his 
instance,  the  Inspector  may  have  taken  for  the  removal  of 
nuisances  injurious  to  health. 

The  report  should  deal  with  the  extent,  distribution,  and 
causes  of  disease,  especially  of  epidemic  and  notifiable  diseases, 
within  the  district ;  and  should  give  an  account  of  any  note- 
worthy outbrealvs  of  such  diseases  during  the  yeai-  under 
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review,  stating  the  result  of  his  investigations  into  their  origin 
and  propagation,  and  the  steps  taken  by  him,  or  on  his  advice, 
with  a  view  to  check  their  spread. 

The  tabular  statements  of  sickness  and  mortality  in  the 
district  during  the  year,  to  be  made  on  the  fprras  supplied  for 
the  purpose,  should  be  the  subject  of  comment  in  the  text  of  the 
report,  in  so  far  as  deductions  from  them  may  assist  the  Board 

;    and  the  Councils  concerned  to  an  aj)preciation  of  the  lines  of 

1    action  needful  in  the  futui-e, 

Sources  of  information. — Returns  of  regis- 

:  tered  deaths  should  be  obtained  weekly  from  each  of 

'  the  registration  sub-districts  within  the  area.*  These 

I  returns  should  give,  as  regards  every  death  registered 

;  during  the  week,  the  name,  age,  sex,  residence,  and 

1  occupation  of  the  deceased,  the  nature  and  duration 

:■  :  (so  far  as  stated  on  the  certificate  of  cause  of  death) 

'V.  of   each  primary  and  secondary   cause   of  death, 

(  and  the  name. of  the  certifying  practitioner.    "  Im- 

I !  mediate  notice  should  be  given  of  all  deaths  from  in- 

•  fectious  disease  in  fresh  localities,  and  all  groups  of 
deaths  from  such  disease,  or  from  diarrhoea,  in  any 

I,  localities"  (L.G.B.  Memorandum,  dated  June,  1882). 

J  A  fee  of  twopence  for  each  return  and  twopence  for 

« I  each  entry  is  payable  by  the  Authority.  Returns 

I  should  also  be  obtained  from  the  registrars,  at  weekly, 

K 1  monthly,  or  quarterly  intervals,  of  the  births  registered 

j  in  such  intervals ;  these  returns  should  distinguish 

t  between  males  and  females,  and  between  legitimate 

I '  and  illegitimate  births.    Deaths  of  non-residents  in 

!i  the  locality  must,  of  course,  be  distinguished  from  the 

t  rest,  and  the  necessary  indications  for  this  purpose 

,        *  "  Every  registrar,  when  and  as  required  by  a  S.A  shall 

:  transmit  by  post  or  otherwise  a  return,  certified  under  tlie  hand  of  such 
r  registrar  to  be  a  true  return,  of  such  of  tlie  particulars  registered  by  him 
r  concerning  any  death  as  may  be  specified  in  the  requisition  of  the  S.A. 
ITlie  S.A»  'iiay  supply  a  form  of  the  prescribed  character,  for  the  purpose 
I' of  the  return,  and  in  that  case  the  return  shall  be  made  in  the  Ibrni  so 
•  supplied.  The  registrar  making  such  returns  shall  be  entitled'  to  a  fee  of 
!  twopence,  and  to  a  further  IVe  of  twopence  for  every  death  entered  in  sucli 
r return,  whicli  fee  .shall  be  paid  by  the  Authority  requiring  tlie  return.'' 
(  {Births  and  Deaths  Registration  Act,  1874,  s.  28.) 
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should  be  given  in  the  returns.  Arrangements  must 
be  made  separately  for  information  of  the  deaths  in 
distant  public  institutions  of  residents  in  the  locality. 

Notification  returns. — Compulsory  notification  of 
certain  infectious  diseases,  voluntary  notification  of 
others,  notification  from  schools,  etc.,  all  furnish  tlif 
Medical  Officer  with  information  respecting  the 
occurrence  of  such  disease. 

Returns  of  pauper  sickness.  —  An  order  of  the 
L.G.B.,  dated  February  12th,  1879,  requires  all 
district  and  workhouse  medical  officers  appointed 
after  February  28th,  1879,  to  furnish  the  M.O.H. 
with  returns  of  pauper  sickness  and  deaths, 
and  to  notify  the  outbreak  of  any  dangerous 
infectious  disease.  The  same  is  required  (by  an 
order  dated  June  14th,  1879)  of  medical  officers 
of  disti-ict  schools  appointed  after.  June  24th, 
1879.  The  Guardians  should  be  a.sked  to  instruct 
their  clerk  to  copy  from  the  district  medical  officer's, 
relief  lists  the  new  cases  which  are  reported  at  each 
meeting  of  the  Guardians,  and  to  forwai'd  the  same 
promptly  and  regularly  to  the  M.O.H.,  and  to. 
instruct  the  Poor  Law  medical  officers  to  give  to  the. 
M.O.H*  the  earliest  possible  information  of  cases  of 
dangerous  infectious  disease  undei-  their  charge. 

Cases  of  dangerous  infectious  diseases  occur- 
i"ing  on  canal  boats  or  in  common  lodging-houses 
must  be  reported  to  the  M.O.H. ,  and  the  S.A. 
have  power  to  make  byelaws  requiring  notification  of 
such  diseases  in  "tenement"  lodging-houses,  and  in: 
vans  or  tents. 

Mdps. — A  good  map  is  essential.  It  sliould  show 
the  boundaries  of  the  disti'ict,  and  of  each  of  its  sub- 
divisions (whether  pai'ishes,  townships,  registration 
sub-districts,  special  drainage  districts,  or  other)  which 
have  a  bearing  upon  sanitai'y  administi'ation,  and  also 
the  main  sewers  and  water-mains.    Maps  showing  the  . 
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geology  of  the  district,  tlie  contour  lines,  and  the 
different  watersheds,  should  be  obtained,  if  possible. 
Maps  showing  the  local  distribution  of  disease  and 
mortality  have  already  been  referi'ed  to. 

Periodical  reports,  etc. — The  annual  and  quai'terly 
reports  of  the  Registrar-General  are  indispensable. 
The  annual  summaries  and  weekly  returns  deal  only 
with  the  statistics  of  the  large  toMais.  Reports  of  the 
inspectors  of  the  Ii.G.B.  affecting  any  part  of  the 
district  should,  of  course,  be  obtained. 

Acts  of  Parliament. — In  addition  to  any  local 
Acts  in  force  in  the  district,  and  all  the  chief  statutes 
dealing  with  public  health,  the  M.O.K.  should  be 
familiar  with  any  other  Acts  which  the  special  circum- 
stances of  his  district  may  render  important,  e.g.  the 
Alkali  Act.* 

Byelaws  and  regidations. — The  byelaws  and  regu- ' 
lations  in  force  in  the  district  can  readily  be  obtained, 
and  are  not  less  important  than  the  preceding. 

Census  data. — The  M*0«H.  should  be  in  possession 
of  all  the  information  regarding  his  district  given  by 
nach  census  taken  since  its  formation.  Arrangements 
should,  if  possible,  be  made  at  the  time  when  the 
ensus  is  taken  to  obtain  a  record  of  the  particulars 
regarding  each  "  enumeration  district "  for  the  use  of 
the  S.A. 

It  is  desirable  to  keep"'registers  showing  for  each 
village  or  hamlet  the  dates  and  particulars  of  every 
death,  and  of  every  notified  case  of  infectious  disease. 
In  towns  this  would  take  the  form  of  a  "  street  and 
house  register."  If  cases  of  disease  as  well  as  deaths 
ire  entered,  they  may  be  distinguished  by  red  ink. 
Registers  of  notified  diseases  have  already  been 
referred  to.  Registers  of  all  deaths  occurring  among 
certain  trades  will  greatly  facilitate  any  future  in- 

*  Lumley's  or  Glen's  Public  Health  Acts,  Glen's  L.G.B.  Sanitary  Orders, 
lid  tlie  Model  Byelaws  of  the  L.G.B.  are  valuable  for  reference. 
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vestigation  which  the  M,0,H.  may  have  to  make 
into  the  influence  of  those  trades  upon  mortality. 

The  seemingly  formidable  records  mentioned 
above,  if  well  arranged  in  the  first  instance,  and 
systematically  kept,  involve  nmch  less  labour  tlian 
would  appear  at  first  sight.  They  are  invaluable  in 
inquiries  regarding  the  incidence  of  mortality  and 
disease  upon  any  given  locality  or  occupation,  and 
materially  simplify  the  preparation  of  the  annual 
report. 

Auxiliary  ag-encies. — In  addition  to  the 
routine  work  of  the  M.O.H.  there  are  many  auxiliary 
agencies  which  may  be  established  in  his  district  or 
by  his  S.A.  which  call  for  more  or  less  of  his  atten- 
tion ;  such,  for  example,  are  voluntary  health  societies, 
creches,  infant  milk  depots,  bacteriological  work, 
chemical  analysis,  meteorological  apparatus,  reception 
houses  for  infectious  "  contacts,"  baths  for  cleansing 
of  verminous  persons,  etc. 

Infants'  Milk  Depdts. — Infantile  mortality,  as  we  have 
seen,  bears  a  definite  relationship  to  [a)  the  feeding  of  infants, 
(jb)  personal  care  of  infants  by  parents,  (c)  urban  life,  and  {d) 
certain  meteorological  conditions  affecting  temperature  and  the 
dissemination  of  dust.  Other  elements  enter  into  the  problem, 
but>  so  far  as  municipal  action  is  concerned,  those  are  the 
four  main  elements.  The  ijroblcm,  in  practice,  is  largely  one 
of  polluted  milk.  The  sources  of  the  pollution  are  not  only  in 
unsatisfactory  methods  of  milking,  and  in  storing  and  conveying 
the  milk  supplied,  but  also  in  dirty  domestic  conditions,  and 
particularly  in  carelessness  in  the  use  of  feeding  bottles.  The 
ideal  is  breast-feeding,  and  in  i-cspect  of  the  artificial  feeding  of 
infants  a  pure  modified  milk  supply  which  needs  no  sterilisa- 
tion ;  and  towards  that  end  oiir  efforts  should  be  directed.  The 
best  possible  under  existing  conditions  involves  sterilisation 
or  pasteurisation,  modification,  and  protection  from  home  con- 
tamination. Such  a  milk  supply  should  be  imder  medical 
supervision  and  adopted  only  in  suitable  cases. 

It  would  appear  that  there  are  five  possible  means  of  sup- 
plying a  suitable  and  pure  milk  for  infants— (1)  By  means  of 
Municipal  Milk  Depots  similar  to  institutions  at  Kancy  and 
Fecamp  ;  (2)  By  one  or  niore  dairymen  undertaking  to  furnisli 
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<iich  modified  niilk  (certified)  under  medical  supervision  ;  (3) 
r>y  obtaining  such  a  supply  from  some  central  source  ;  (4)  By 
means  of  medical  "  milk  commissions,"  as  in  the  United  States  ; 
•  'X  (5)  By  means  of  a  voluntary  society  supplying  such  milk 
under  necessary  supervision  and  control. 

The  French  depots  ai'e,  broadly  speaking,  of  two  types,  the 
' '  consultation  de  nourrissons,"  as  at  Nancy,  and  the  "  goutte  de 
hiit,"  as  at  Fecamp.  The  latter  is  the  prototype  of  the  infants' 
milk  depots  established  in  this  country  at  Liverpool,  Finsbury, 
and  elsewhere,  to  succour  those  infants  of  the  poor  for  whom 
breast-feeding  is  practic<ally  impossible.  The  milk  is  modified, 
pasteurised,  or  sterilised,  and  served  in  "  one-feed  "  bottles,  the 
amount  and  kind  of  modification  depending,  of  course,  ujion 
I  he  age  of  the  infant.  It  is  too  early  to  speak  of  the  elfect 
such  millv  depots  exert  upon  infant  mortality,  but  there  can  be 
no  question  of  their  value  if  properly  controlled.  It  is,  of 
course,  essential  that  the  milk  should  be  derived  from  healthy 
clean  cows,  and  all  the  dairying  carried  out  on  hygienic 
principles. 

Bacteriological  Lahoraiories. — The  great  value  of  early  and 
accurate  diagnosis  in  such  diseases  as  tuberculosis,  diphtheria, 
anthrax,  enteric  fever,  and  the  bacteriological  investigation  of 
water,  milk,  cheese,  of  sewage  and  its  effluents,  of  air,  etc.,  has  now 
become  generally  recognised,  with  the  result  that  a  Public  Health 
Department  is  not  considered  fully  equipped  unless  it  is  pro- 
vided with  facilities  for  bacteriological  research,  either  by 
I'stablishing  a  municipal  laboratory  or  by  utilising  a  private 
laboratory  such  as  those  in  connection  with  hospitals  and 
medical  schools.  Facilities  should  be  provided  for  the  free 
examination  of  any  materials  from  infectious  cases  submitted 
by  medical  men. 

Duties  of  sanitary  inspectors. — The  work  of 
the  Sanitary  Inspector  (or  Inspector  of  Nuisances  ") 
is  closely  connected  with  that  of  the  M.O.H.,  but  the 
broad  lines  separating  them  will  be  apparent  from  the 
following  definition  of  tlie  inspector's  duties,  formulated 
by  the  L.G.B. 

"  (1)  He  shall  perform,  either  under  the  special  directions 
"f  the  S.A,,  or  (so  far  as  authorised  by  the  S.A.)  under  the 
lirections  of  the  M.O.H.,  or,  in  cases  where  no  such  direc- 
tions are  required,  without  huch  directions,  all  the  duties 
!<pecially  imposed  upon  an  Inspector  of  Nuisances  by  the 
i'ublic  Health  Act,  1875,  or  by  any  other  statute  or  statutes,  or 
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by  the  Orders  of  the  L.G.  B.,  so  far  as  the  same  ajiply  to  his 
office. 

(2)  He  shall  attend  all  meetings  of  the  S.A.  when  bo 
required. 

"  (3)  He  shall,  by  inspection  of  the  district,  both  syste- 
matically at  certain  periods,  and  at  intervals  as  occasion  may 
require,  keep  himself  informed  in  respect  of  the  nuisances 
existing  therein  that  require  abatement. 

"  (4)  On  receiving  notice  of  the  existence  of  any  nuisance 
within  the  district,  or  of  the  breach  of  any  byelaws  or  regula- 
tions made  by  the  S.A.  for  the  suppression  of  nuisances, 
he  shall,  as  early  as  practicable,  visit  the  s^jot,  and  inquire 
into  such  alleged  nuisance  or  breach  of  byelaws  or  regulations. 

"  (5)  He  shall  report  to  the  S.A.  any  noxious  or  offensive 
businesses,  trades,  or  manufactories  established  within  the 
district,  and  the  breach  or  non-observance  of  any  byelaws  or 
regulations  made  in  respect  of  the  same. 

"  (6)  He  shall  report  to  the  S.A.  any  damage  done  to  any 
works  of  water  supply,  or  other  works  belonging  to  them,  and 
also  any  case  of  wilful  or  negligent  waste  of  water  supplied  by 
them,  or  any  fouling,  by  gas,  filth,  or  otherwise,  of  water  used 
for  domestic  purposes. 

"  (7)  He  shall  from  time  to  time,  and  forthwith  upon 
complaint,  visit  and  inspect  the  shops  and  places  kept  or  used 
for  the  preparation  or  sale  of  butcher's  meat,  poultrj',  fish,  fruit, 
vegetables,  corn,  bread,  flour,  milk,  or  any  other  article  to  which 
the  provisions  of  the  Public  Health  Act,  1875,  in  this  behalf 
shall  apply,  and  examine  any  animal,  carcase,  meat,  poultry, 
game,  ilesh,  fish,  fruit,  vegetables,  corn,  bread,  flour,  milk,  or 
other  article  as  aforesaid,  which  may  be  therein  ;  and  in  case 
any  such  article  appear  to  him  to  be  intended  for  the  food  of 
man,  and  to  be  unfit  for  such  food,  he  shall  cause  the  same  to 
be  seized,  and  take  such  other  proceedings  as  may  be  necessary 
in  order  to  have  the  same  dealt  with  by  a  Justice :  provided 
that  in  any  case  of  doubt  arising  under  this  clause,  he  shall 
report  the  matter  to  the  M.O.H.,  with  the  view  of  obtaining 
his  advice  thereon. 

"(8)  He  shall,  when  and  as  directed  by  the  S.A.,  procure 
and  submit  samples  of  food,  drink,  or  drugs,  suspected  to  be 
adulterated,  to  be  analysed  bj"^  the  analyst  appointed  under  the 
Sale  of  Food  and  Drugs  Act,  1875,  and  upon  receiving  a  cer- 
tificate stating  that  the  articles  of  food,  drink,  or  drugs  are 
adulterated,  cause  a  complaint  to  be  made,  and  take  other 
proceedings  prescribed  by  that  Act. 

"(9)  He  shall  give  immediate  notice  to  the  M.O.H.  of 
the  occurrence  within  the  district  of  any  contagious,  infectious, 
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j  or  epidemic  disease ;  and  whenever  it  appears  to  him  that  the 
(  intervention  of  such  officer  is  necessary,  in  consequence  of  the 
i  existence  of  any  nuisance  injurious  to  health,  or  of  any  over- 
i  crowding  in  a  house,  he  shall  forthwith  inform  the  M.  O.  H, 
i  thereof, 

I  "(10)  He  shall,  subject  "to  the  directions  of  the  S.A,, 
attend  to  the  instructions  of  the  M.O  H.  with  respect  to  any 
measures  which  can  he  lawfully  taken  by  an  Inspector  of 
Nuisances  imder  the  Public  Health  Act,  1875,  or  under  any 
statute  or  statutes,  for  preventing  the  spread  of  contagious, 
infectious,  or  epidemic  disease  of  a  dangerous  character. 

"  (11)  He  shall  enter  from  day  to  day,  in  a  book  provided 
by  the  S.A.,  particulars  of  his  inspections,  and  of  the  action 
taken  by  him  in  the  execution  of  his  duties.  He  shall  also 
keep  a  book  or  books,  to  be  provided  by  the  S.A.,  so  arranged 
as  to  form  as  far  as  possible  a  continuous  record  of  the  sanitary 
condition  of  each  of  the  premises  in  respect  of  which  any  action 
has  been  taken  under  the  Public  Health  Act,  1875,  or  under 
any  other  statute  or  statutes,  and  shall  keep  any  other 
systematic  records  that  the  S.A.  may  require. 

"  (12)  He  shall,  at  all  reasonable  times,  when  applied  to  by 
the  M.O.H.,  produce  to  him  his  books,  or  any  of  them,  and 
render  to  him  such  information  as  he  may  be  able  to  furnish 
with  respect  to  any  matter  to  which  the  duties  of  Inspector  of 
Nuisances  relate. 

"  (13)  He  shall,  if  directed  by  the  S.A.  to  do  so,  superin- 
tend and  see  to  the  due  execution,  of  all  works  which  may  be 
undertaken  under  their  direction  for  the  suppression  or  removal 
of  nuisances  within  the  district. 

"  (14)  He  shall,  if  directed  by  the  S.A.  to  do  so,  act  as 
Officer  of  the  said  Authority  as  Local  Authority  under  the 
Contagious  Diseases  (Animals)  Act,  1886,  and  any  Orders  or 
Eegulations  made  thereunder. 

"(15)  In  matters  not  specially  provided  for  in  this  Order, 
he  shall  observe  and  execute  all  the  lawful  orders  and  directions 
of  the  S.A.,  and  the  Orders  of  the  L.G.B.,  which  may  be 
hereafter  issued,  applicable  to  his  office." 

The  above  statement  of  duties  is  general,  and  the 
details  must  be  sought  in  the  Acts,  Orders,  Bye-laws, 
and  E,egulations,  and  in  the  instructions  of  the  S.A. 
It  is  competent  for  the  S.A.  to  specialise  the  work  of 
the  Sanitary  Inspectors  {e.g.  inspection  of  meat, 
inspection  of  workshops),  or  to  appoint  women  in  that 
capacity. 
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CHAPTER  XVTII 

SANITARY  LAW 

Under  thifs  heading  it  is  proposed  to  give  a  sum- 
mary of  the  principal  Acts  of  Parliament  bearing 
upon  public  health  in  general,  reserving  for  con- 
sideration in  later  chapters  industrial  legislation 
and  local  byelaws. 

As  elsewhere  in  this  volume,  S.A.  stands  for 
Sanitary  Authority^  L.G.B.  for  Local  Government 
Board,  and  M.O.H.  for  Medical  Officer  of  Health. 

Public  Health  Act,  1§75.— The  whole  of 
England  and  Wales,  except  London,  consists  of  Urban 
and  Rural  Sanitary  Districts,  under  the  jurisdiction 
respectively  of  Urban  and  Rural  S.A.'s  (s.  5),  which, 
in  pursuance  of  the  Local  Government  Act  of  1894, 
are  now  termed  Urban  and  Rural  District  Councils. 
That  portion  of  the  area  of  a  Union  which  is  not  in- 
cluded in  any  Urban  District  constitutes  a  Rural 
Sanitary  District,  and  the  guardians  representing  that 
part  of  the  union  are  the  Rural  S.A.  (s.  9). 

Sewers,  except  certain  private  sewers,  are  vested 
in  the  S.A.  of  the  district  (s.  13).  The  S.A.  may 
purchase  (s.  14)  or  construct  (s.  15)  sewers.  They 
must  provide  such  sewers  as  are  necessary  for  effectu- 
ally draining  their  district  (s.  15).  Powers  are  given 
by  s.  27  for  the  treatment  and  dispasal  of  sewage. 
The  sewers  must  he  so  constructed,  covered,  venti- 
lated, and  kept  as  not  to  be  a  nuisance  or  injurious 
to  health,  and  must  be  properly  cleansed  (s.  19). 

House  drainage. — If  any  house  is  without  a  suffi- 
cient drain  the  S.A.  must  require  the  owner  or 
occupier  to  provide  a  drain,  and  may  prescribe  the 
materials,  size,  and  levels.    This  drain  must  lead  to 


t  Chap.  XVIII.]  Public  Health  Act,  1875.  491 


j  the  public  sewer  if  there  be  any  within  100  feet  of 
I  the  site  of  the  house  ;  if  not,  to  a  covered  cesspool  in 

I  such  position  (not  under  a  house)  as  the  S.A.  may 
direct.  Failing  compliance,  the  Authority  may  carry 
out  the  works.  No  house  in  an  urban  district  must  be 
built  or  occupied  until  proper  covered  drains  have 

I I  been  constructed  to  the  satisfaction  of  the  S.A.  The 
iSS.A.  may  make  regulations  as  to  the  mode  in  which 
t'connections  between  drains  and  sewers  are  to  be  made. 
HUpon  giving  due  notice,  and  complying  with  such 
rregulations,  the  owner  of  any  premises  is  entitled  to 
tcarry  drains  into  the  public  sewers  (sections  21-25). 

Excrement  and  refuse  disposal. — It  is  unlawful 
rto  erect  any  house  without  a  sufficient  water-closet, 
earth-closet,  or  privy,  and  an  ashpit  with  proper  doors 

i;;and  coverings,  and  the  same  must  be  provided  for  any 
^existing  house  on  the  order  of  the  S.A.,  who  may 
rrequire  a  separate  closet  for  each  house  (sections  35- 
:  36).  The  S.A.  may  order  the  provision  of  separate 
I  closets  for  each  sex  in  factories  and  workshops  where 
I  both  sexes  are  employed  (s.  38) ;  this  applies  also  to 
Eiabove-ground  parts  of  coal-mines  if  women  and  girls  are 
eemployed  (Coal  Mines  Regulation  Act,  1872,  s.  74) — 
ithe  corresponding  parts  (pit-banks)  of  metalliferous 
Lmines  are  factories  or  workshops.  Urban  S.A.'s  may 
[  provide  public  closets,  urinals,  or  receptacles  for  refuse 
(sections  39,  45).  Every  S.A.  must  see  that  all 
drains,  closets,  ashpits,  and  cesspools  are  properly  con- 
is  structed  and  kept  (s.  40). 

On  written  complaint  that  any  drain,  closet,  ash- 
pit,  or  cesspool  is  a  nuisance,  the  S.A.  may  authorise 
'  their  officer  to  enter  the  premises  (after  giving  twenty- 
t  foiu-  hours'  notice,  except  in  case  of  emergency)  and 
i  open  the  ground  ;  if  any  defect  is  found,  the  S.A.  must 
r  -  serve  notice  upon  the  owner  or  occupier  ;  but  if  there 
, !  be  no  defect,  the  S.A.  must  close  the  ground  and 
!  ■  make  good  any  damage. 
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Scavenging  and  cleansing. — Tlie  S,A.  may,  and 
when  required  by  order  of  the  L.G.B.  shall,  tliem- 
selves  undertake  or  contract  for  the  removal  of  liouse 
refuse,  the  cleansing  of  earth-closets,  privies,  ashpits, 
and  cesspools,  and  cleansing  of  streets  (s.  42;. 
In  that  case  they  are  liable  to  penalty  for  any  delay 
exceeding  seven  days  after  written  notice  from  any 
householder. 

Cleansing  of  Houses. — If  the  M.O.H.    or  two 

medical  practitioners  certify  that  any  house  or  part 
thereof  is  so  filthy  as  to  endanger  health,  or  that  the 
whitewashing,  cleansing,  or  purifying  thereof  would 
tend  to  prevent  infectious  disease,  the  S.A.  may  re- 
quire the  owner  or  occupier  to  cleanse,  etc.,  and  in 
his  default  may  themselves  do  what  is  necessary 
(s.  46). 

It  is  unlawful  in  an  urban  district  to  keep  swine 
in  any  dwelling-house,  or  so  as  to  be  a  nuisance,  or 
to  suffer  aiay  waste  water  to  remain  within  any 
dwelling-house  for  twenty-four  hours  after  written 
notice  from  the  S.A.,  or  to  allow  the  contents  of  any 
water-closet,  j^rivy,  or  cesspool  to  ovei'flow  or  soak 
therefrom.  In  case  of  default,  the  S.A.  must  abate 
such  nuisance  (s.  47). 

An  inspector  of  nuisances  in  an  urban  district 
may  give  notice  to  the  owner  of  any  accumulation  of 
offensive  matter,  or  to  the  occupier  of  the  premises 
whereon  it  exists,  and  if  not  removed  within  twenty- 
four  hours,  it  becomes  vested  in  the  S.A.  to  be 
disposed  of  by  them  (s.  49).  An  urban  S.A. 
may  give  public  notice  requiring  the  periodic;il 
removal  of  manure  or  other  refuse  matter  from 
stables  or  other  premises  and  enforce  the  same  under 
•penalty  (s.  50). 

Water  supply. — Any  S.A.  may  *  construct  works 
for  supplying  any  part  of  their  district  with  water  j 
♦  The  wording  liere  is  permissive  ;  but  sec  pages  5M-607. 
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)!•  may  hire  or  purchase  such  works,  oi'  contract  for 
a  supply  (s.  51);  and  may  require  houses  to  be 
supplied  with  water  when  they  are  without  a  proper 
supply,  if  it  can  be  furnished  at  a  cost  not  exceeding 

lie  water-rate  authorised  by  any  local  Act,  or  two- 
[)ence  a  week,  or  such  other  cost  as  the  L.G.B.  may, 
upon  application,  determine  to  be  reasonable  in  the 
circumstances  (s.  G2). 

Heavy  penalties  are  incurred  by  persons  pol- 
luting any  stream,  pond,  etc.,  with  gas  washings 
(s.  68),  and  a  local  authority  may  proceed  against 
anyone  polluting  any  watercourse  with  sewage 
(s.  69).  A  Justice's  order  may  be  obtained  for  the 
(  losing  of  a  well  or  cistern  the  water  of  which 
is  used,  or  likely  to  be  used,  for  drinking  or 
domestic  purposes,  when  the  water  is  so  polluted  as 
to  be  injurious  to  health,  and  the  Court  may  cause 
I  he  water  to  be  analysed  at  the  cost  of  the  S.A. 

s.  70). 

Cellar  dwellings. — No  cellar  built  or  rebuilt  since 
1848  (the  date  of  a  previous  Act)  can  be  separately 
uccupied  as  a  dwelling ;  nor  any  cellar  whatever, 
unless  it  comply  with  the  following  requirements  : 

{a)  The  height  must  in  every  part  be  at  least 
seven  feet,  three  feet  of  which  must  be  above  the 
evel  of  the  adjoining  street,  (b)  An  open  area  at 
"ast  2-^-  feet  wide  in  every  part,  and  6  in.  below  the 
■vel  of  the  floor,  must  extend  along  the  whole 
riontage.  It  may  be  crossed  by  steps,  but  not 
pposite  the  window,  (c)  The  cellar  must  be  drained 
' y  a  drain  at  least  1  foot  below  the  floor,  {d)  There 
iimst  be  proper  closet  and  ashpit  accommodation,  (e) 
There  must  be  a  fireplace  and  chimney  and  (/)  a 
•vindow  at  least  9  square  feet  in  area,  made  to  open, 
''lie  window  of  a  back  cellar  let  or  occupied  along 
■  ith  a  front  cellar  need  only  be  4-  square  feet  in 
irea  (sections  71 — 73). 


494     Hygiene  and  Public  Health.  [Chap,  xviii. 


Anyone  passing  the  night  in  a  cellar  is  deemed  to 
occupy  it  (s.  74). 

Common  lodging-houses* — The  S.A.  are  required 
to  keep  a  register  of  common  lodging-houses,  and  to 
make  byelaws  in  respect  of  them  (sections  76-80).  It 
is  unlawful  to  keep  a  common  lodging-house  unless  it 
be  registered  (s.  77),  and  this  can  only  be  doiK- 
after  it  has  been  inspected  and  approved  (s.  78). 
The  keeper  when  required  is  to  affix  notice  of  regis- 
tration to  the  house. 

When  the  lodging-house  is  without  a  proper 
supply  of  water,  and  this  can  be  furnished  at  a  reason- 
able rate,  the  S.A.  may  enforce  it  (s.  81).  The 
keeper  is  required  to  limewash  the  walls  and  ceilings 
in  the  first  week  of  April  and  October  of  every  year 
(s.  82).  The  S.A.  may  require  the  keeper  of  a 
house  in  which  beggars  or  vagrants  are  received,  to 
make  returns  of  persons  who  have  slept  there  the 
previous  night  (s.  83),  and  the  keeper  must  always 
give  notice  to  the  M.O.H.  and  to  the  Relieving 
Officer  of  any  case  of  infectious  disease  (s.  84). 

Houses  let  in  lodgings. — Ajiy  S.A.  may  make 
byelaws  respecting  houses  let  in  lodgings  or  occupied 
by  members  of  more  than  one  family  (s.  90, 
modified  by  s.  8  of  the  Housing  of  the  Working 
Classes  Act,  1885). 

Nuisances. — (s.  91.)  The  following  are  nuisances. 
(1)  Any  premises  f  in  such  a  state  as  to  be  a 
nuisance  or  injurious  to  health.  (2)  Any  pool, 
ditch,  gutter,  watercourse,  privy,  urinal,  cesspool, 
drain,!  or  ashpit,  so  foul  or  in  such  a  state  as  to  be 

*  Lodging-houses  in  which  persons  of  the  poorer  class  are  received  for 
short  periods,  and,  tliough  strangers  to  each  other,  are  allowed  to  inhabit 
one  common  room.  The  term  does  not  cover  inns,  or  lodgings  let  to  the 
middle  or  upper  classes.  In  London  there  are  Common  Ijodging  Houses 
Acts,  185 J -3,  in  force,  incorporating  similar  powers. 

t  Including  buildings  or  lands. 

X  "  'Drain'  means  any  drain  of  and  used  for  the  drainage  of  one 
building  only,  or  premises  within  the  same  curtilage  .  .  .  ."  A  sewer  is  a 
drain  receiving  the  drainage  of  two  or  more  buildings. 
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a  nuisance  or  injurious  to  health.  (3)  Any  animal 
so  kept  as  to  be  a  nuisance  or  injurious  to  health. 
(4)  Any  accumulation  or  deposit  which  is  a  nuisance 
or  injurious  to  health.''^  (5)  Any  hovise,t  or  part  of 
a  house,  so  overcrowded  as  to  be  dangerous  or  in- 
jurious to  the  health  of  the  inmates,  whether  or 
not  members  of  the  same  family.  J  (6)  Any  workshop, 
workplace,  or  domestic  factoiy,  not  kept  in  a  cleanly 
state,  or  not  ventilated  in  such  a  manner  as  to  render 
harmless  as  far  as  practicable  any  gases,  vapours, 
dust,  or  other  impurities  generated  in  the  course  of 
the  work  carried  on  therein  that  are  a  nuisance 
or  injurious  to  health,  or  so  ovei-crowded  as  to  be 
dangerous  or  injurious  to  the  health  of  those  em- 
ployed therein.  §  (7)  Any  fireplace  or  furnace  which 
does  not,  as  far  as  practicable,  consume  the  smoke 
arising  from  the  combustible  used  therein,  and 
which  is  used  for  working  engines  by  steam,  or 
in  any  manufacturing  or  trade  j^rocess  whatever ; 
and  any  chimney  (not  being  the  chimney  of  a 
private  dwelling-house)  sending  forth  black  smoke 
in  such  quantity  as  to  be  a  nuisance.  || 

*  There  is  no  penalty  if  tlie  accumuhition  or  deposit  is  necessary  for, 
and  lias  not  been  kept  longer  than  is  necessary  for,  tlie  carrying  on  of  any 
bnsinesd  or  manufacture,  and  if  tlie  best  available  means  have  been  taken 
for  i)re venting  injury  to  the  public  health. 

t  Infrluding  schools,  and  also  workshops  and  other  buildings  in  which 
persons  are  employed.    Domestic  factories  also  arc  included. 

t  It  is  customary  to  adopt  the  standards  of  the  Model  Byelaws,  viz.  300 
cubic  feet  per  head,  counting  two  children  as  one  adult  ;  but  for  work- 
shops and  workplaces,  see  p.  601.  In  the  event  of  a  second  conviction  for 
overcrowding  within  three  months,  the  Court  may  order  the  closing  of 
the  premises  for  any  period  (section  109). 

§  The  provisions  of  this  sub-section  apply  to  all  buildings,  including 
schools,  factories,  and  workshops,  except  such  as  are  subject  to  tlie 
special  provisions,  relating  to  cleanliness,  ventilation,  or  overcrowding,  of 
the  Factory  and  Workshop  Act. 

II  There  is  no  penalty  if  the  Court  is  satisllod  that  sucli  fheplace  or 
fnniace  is  constructed  in  such  manner  as  to  consume  as  far  as  practicable, 
having  regard  to  the  nature  of  the  manufacture  or  trade,  all  smoke  arising 
theiehijin,  and  that  siicli  (ireplace  or  furnace  has  been  carefully  attended 
to  by  the  person  having  the  charge  thereof. 
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Lator  Acts  have  extended  this  definition.  Thus  wcnk- 
shops  or  workplaces  not  kept  free  from  effluvia  aiising  from 
any  drain,  closet,  or  other  nuisance  (Factory  Act  1901,  s.  2) ; 
Workshops  in  any  room  of  which  sufficient  ventilation  is  not 
provided  and  maintained,  or  in  which  the  processes  carried  on 
render  the  floor  wet,  and  the  floor  is  not  adequately  drained 
(Factory  Act,  s.  78 — sec  aho  p.  559)  ;  tents  or  A'ans  so  filthy 
or  overcrowded  as  to  bo  a  nuisance  or  injurious  to  health 
(Housing  Working  Classes  Act,  1885,  s.  9),  and  unfenced 
quarries  (Quarry  Fencing  Act,  1887,  s.  3)  or  unfeuced  s-hafts 
of  disused  metalliferous  mines  (Metalliferous  Mines  Regula- 
tion Act,  1872,  s.  13)  within  50  yards  of  a  highway,  are 
nuisances  under  s.  91,  1875. 

Procedure  in  respect  of  nuisances. — It  is  (1)  the 
duty  of  the  S.A.  to  cause  to  be  made  from  time  to  time 
an  inspection  of  tlieir  district,  to  ascertain  what 
nuisances  exist,  but  (2)  the  S.A.  may  be  put  in 
motion  by  any  person  aggrieved,  or  by  any  two 
househoklers  or  by  any  officer  of  the  S.A.,  or  by 
the  Relieving  Officer,  or  by  any  officer  of  the  police. 
(3)  If  satisfied  as  to  the  existence  of  a  nuisance, 
the  S.A.  must  serve  a  notice  on  the  person  responsible, 
or  if  he  cannot  be  found,  on  the  owner  or  occupier, 
requiring  him  to  abate  it,  and  to  execute  such  works 
and  do  such  things  as  may  be  necessary.  Where  the 
nuisance  arises  from  the  want  or  defect  of  any 
structural  convenience,  or  where  there  is  no  occupier, 
notice  must  be  served  on  the  owner.  If  the  person 
causing  the  nuisance  cannot  be  found,  and  the  oM'ner 
or  occupier  is  not  responsible,  the  local  authority 
may  abate  the  nuisance.  (4)  If  the  person  on  whom 
the  notice  is  served  fails  to  comply,  or  if  the  nuisance, 
although  abated,  is  likely  to  recur,  the  S.A.  may  apply 
to  a  J ustice,  who  shall  summon  the  pei'son  responsible, 
and  may  make  an  order  requiring  compliance  or  pro- 
hibiting the  recurrence  of  the  nuisance,  and  directing 
the  execution  of  any  works  necessary.  The  Court 
may  further  impose  a  penalty  (sections  92 — 96). 
Where  the  miisance  is  such  as  to  render  the  house 
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nfit  foi'  habitation,  the  Court  may  order  the  house 
J  be  closed,  and  may  rescind  this  by  a  further 

■  rder  when  satisfied  that  the  house  has  been  made 
t  for  habitation  (s.  97).  Any  person  not  obeying 
tie  order  of  the  Court,  or  failing  to  use  due  diligence, 
5  liable  to  penalty ;  and  the  S.A.  may  carry  out 

;lie  order  and  charge  him  with  the  expenses  (s.  98). 

i  AV^here  the  person  responsible  for  the  nuisance  cannot 

e  found,  the  order  of  the  Court  may  be  executed  by 
;  i  lie  S.A.    Any  matter  or  thing  removed  by  the  S.A. 
11  abating   any  nuisance  may  be  sold.     Where  a 

ii  uisance  within  a  district  is  caused  by  some  act  or 
I'  efault  beyond  its  limits,  the  S.A.  may,  nevertheless, 
!  istitute  proceedings  (s.  108). 

Skills. — Any  ship  or  vessel  lying  in  any  water 
V  dthin  the  district  of  any  S.A.  is  subject  to  their 
i-irisdiction,  as  if  it  were  a  house.*  If  in  any  other 
:\  /ater,  it  is  deemed  to  be  within  such  district  as 
1  lay  be  prescribed  by  the  L.G.B.,  and  in  the  absence 

such  prescription,  then  within  the  nearest  district 
^3.  110). 

Right   of  entry   iqion  private  jjre^nises.  —  The 
i  i.A.  and  their  officers  have  rights  of  entry  between 
'    a.m.  and  6  p.m.,  and  in  the  case  of  a  nuisance 
;  !  rising  in  respect  of  any  business,  at  any  hour  when 
'  ach  business  is  in  ])rogress.     If  admission  be  refused 
Justice's  order  may  be  obtained  (sections  102  and  103). 

Offensive  trades. — It  is  illegal  to  establish  an  offen- 
ive  trade  within  the  district  of  an  urban  S.A.  with- 
ut  their  consent.  The  offensive  trades  are  :  blood- 
boiler,  bone-boiler,  fellmonger,  soap-boiler,  tallow- 
nelter,  tripe-boiler,  any  other  noxious  or  offensive 
rade,  business,  or  manufacture  (s.  112).    An  urban 

•  This  section  originally  brought  ships  under  those  provisions  of  the 
vet  that  relate  to  nuisances  only ;  but  the  Public  Health  (Ships)  Act, 
extended  its  scope  to  include  also  infectious  diseases  and  hospitals 
stctious  120,  121,  124,  125,  126,  128,  131,  132,  and  133). 
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S.A.  may  make  byelaws  with  respect  to  such  trades 
as  have  been  established  with  their  consent,*  to 
prevent  or  diminish  nuisance  arising  therefrom 
(s.  113).  If  the  M.O.H.,  or  two  medical 
practitioners,  or  ten  inhabitants,  certify  that  any  of 
the  premises  named  below  are  a  nuisance,  or  injurious 
to  health,  the  S.A.  must  take  proceedings  against  the 
offender,  who  is  liable  to  penalty,  unless  he  can  show 
that  he  has  used  the  best  practical  means  for  abating 
such  nuisance,  or  preventing  or  counteracting  such 
effluvia.  The  premises  in  question  are  :  candle-liouse, 
melting-house,  melting-place,  soap-house,  slaughter- 
house, any  building  or  place  for  boiling  offal  or  blood, 
or  for  boiling,  burning,  or  crushing  bones,  or  any 
manufactory,  building,  or  place  used  for  any  trade, 
business,  process,  or  manufacture,  causing  effluvia 
(s.  114).  The  same  powers  are  applicable  in  the  case 
of  nuisances  affecting  the  inhabitants  of  a  district,  but 
resulting  from  premises  situated  beyond  the  limits  of 
the  district. 

[As  regai'ds  the  prohibition  (s.  112)  of  the 
establishment  of  any  given  trade  without  the  consent 
of  the  S.A.,  it  is  incumbent  upon  the  prosecuting 
authority  to  show  that  the  trade  is  either  one  of 
those  specifically  mentioned  above,  or  ejiisdem 
generis  with  them;  that  is,  that  it  is  necessai-ily  an 
offensive  trade  apart  from  neglect  or  mismanagement 
The  higher  Courts  have  held  that  this  is  the  case  with  rag 
and  bone  stores  for  exainple,  but  not  with  brick-making, 
manure  works,  or  fish-frying.  Nevertheless,  a  very 
large  number  of  trade  processes  to  which  the  above 
restriction  may  be  considered  inapplicable  will  come 
within  the  scope  of  s.  114,  if  it  can  be  shown 
that  they  are  carried  on  so  as  to  give  rise  to  effluvium 
nuisances.] 

*  As  this  consent  only  became  neces.sary  in  1848,  the  byelaws  can  im  : 
apply  to  trades  established  since  that  date. 
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Vnsound  food. — The  M.O.H.  or  Inspector  of 
Nuisances  may,  at  all  reasonable  times,  examine  any 
uiimal,*  carcase,  meat,  poultry,  game,  flesli,  fish,  fruit, 
.  ogetables,  corn,  bread,  flour,  or  milk,  exposed  for  sale, 
)r  deposited  for  the  purpose  of  sale,  or  of  preparation 
or  sale,  and  intended  for  the  food  of  man ;  and  may 
'"ize  the  same  if  diseased,  unsound,  or  unwholesome, 
aid  take  it  to  a  magistrate,  who  may  order  it  to  be 
lestroyed,  and  inflict  a  penalty  upon  the  offender, 
riie  proof  that  it  was  not  intended  for  the  food  of 
nan  rests  with  the  person  charged  (sections  116,  117). 
Any  person  obstructing  is  subject  to  penalty  (s. 
1 1 8).  On  complaint  made  on  oath  a  Justice  may  grant 
I  search  warrant  to  the  M.O.H.  or  Inspector, 

[Eggs,  butter,  cheese,  and  other  important  articles 
>f  food,  are  not  mentioned  specifically,  and  are, 
therefore,  not  included  in  the  scope  of  the  Act.  No 
proceedings  can  be  taken  in  regard  to  articles  already 
-old.  Both  these  defects  are  avoided  in  the  Public 
Health  Amendment  Act  of  1890,  and  in  the  Public 
Health  (London)  Act,  1891.] 

Infectious  diseases.  —  Upon  the  certificate  of 
the  M.O.H.  or  other  medical  practitioner  that 
I  he  cleansing  and  disinfecting  of  any  house  or  part 
thereof,  and  of  any  articles  therein,  would  tend  to 
prevent  infectious  diseases,  it  is  incumbent  on  the 
S.A.  to  serve  notice  upon  either  the  owner  or  occupier, 
l  equiring  him  to  cleanse  and  disinfect.  A  penalty  is 
incurred  by  default,  and  the  S.A.  may  do  what  is 
necessary  and  recover  the  costs,  or  may  undertake 
this  duty  in  the  first  instance,  with  the  consent  of  the 
occupier,  at  their  own  cost  (s.  120).  The  S.A. 
may  destroy  infected  bedding,  clothing,  or  other  arti- 
cles, and  give  compensation  (s".  121);  may  provide 
a  disinfecting  apparatus  and  disinfect  free  of  charge 


*  Living  animals  may  be  seized  under  this  section. 
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(s.  122) ;  may  provide  an  ambulance  and  pay  expenses  i  f 
of  conveyance  of  infectious  persons  to  liosiiital  ji 
(s.  123).  ; 

Where  a  hospital  is  provided  within  convenient 
distance,  a  J ustice  may,  on  the  certificate  of  a  medical 
practitioner,  order  the  removal  of  any  per.son  who  is 
suffering  from  any  dangerous  infectious  disorder,  and 
is  without  proper  lodging  or  accommodation,  or 
lodged  in  a  room  occupied  by  more  than  one 
family,*  or  is  on  board  any  ship  or  vessel  (s.  124). 
The  S.A.  may  make  regidations  for  removing  to 
any  available  hospital,  and  for  keeping  there  as 
long  as  necessary,  any  persons  brought  withm  their 
district  by  vessel  who  are  infected  with  a  dangerous  ; 
infectious  disorder  (s.  125).  j 

It  is  ixnlawful  for  any  person  so  suffering  to  i 
expose  himself  wilfully,  without  proper  precautions  , 
against  spreading  the  disorder,  in  any  street,  public  \ 
place,,  shoj),  inn,  or  public  convej'^ance,  or  to  enter 
any  public  conveyance  without  previously  notifying 
to  the  owner,  conductor,  or  driver  thereof  that  he  is 
so  suffering ;  or,  being   in  charge  of  any  person  so    '  > 
suffering,  to  expose  such  sufferer,  or  to  give,  lend,    '  i 
sell,  transmit,  or  expose  without  previous  disinfoc-  | 
tion  any  bedding,  clotliing,  rag.s,  or  other  things  which 
have  been  exposed  to  infection  from  any  such  dis-  r 
order ;  but  this  does  not  apply  to  the  transmission 
with  proper  precautions  of  articles  for  the  purpose    , . 
of  having  them  disinfected  (s.  126).     The  owner  ; 
or  driver  of  a  public  conveyance  so  used  is  required  i 
under  penalty  to  have  the  same  immediately  disin- 
fected, but  he  need  not  convey  any  person  so  suffering 
until  he  has  been  paid  a  sum  sufficient  to  cover  any  loss 
or  exjjense  incurred  by  him  (s.  127).     Any  person 
who  knowingly  lets  for  hire  any  house,  or  room,  in 

•  This  dotail  is  omitted  as  sui)erlluons  in  the  London  Act  of  1891  ;  but  | 
lodgment  in  a  tent  or  van  is  made  per  se  a  reason  for  removal.  j 


t 
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,  Inch  any  person  has  suffered  from  such  disorder, 
.  ithout  having  it  and  the  contents  disinfected  to  the 
;  itisf action  of  a  medical  practitioner  as  testified  by 
certificate   signed  by  him,  is  liable  to  penalty 

4.  128).  Any  person  letting  or  offering  for  hire 
vuy  house,  or  part  of  a  house,  who  on  being  questioned 
.  s  to  the  fact  of  there  being,  or  within  six  weeks 

reviously  having  l:)een  therein,  any  person  suffering 
1  -om  any  dangerons  infectious  disorder,  knowingly 
I  lakes  a  false  answer  to  such  question,  becomes  liable 
j  D  penalty  or  imprisonpient  (s.  129). 

Sjoecial  Regulations  of  L.G.B. — The  L.G-.B.  may 
!  lake  regulations  for  the  treatment  of  persons  affected 
1,^,-ith  cholera,  or  any  other  epidemic,  endemic,  or  in- 
:  :•  sctious  diseases,  and  for  preventing  the  spread  of  such 
.il  iseases  as  well  on  the  seas,  rivers,  and  waters  of  the 
it  Jnited  Kingdom,  and  on  the  high  seas  within  three 
ii  iiiles  of  the  coast  thereof,  as  on  land,  and  may  declare 

•y  what  Sanitary  Authorities  such  regulations  shall 
'  >e  enforced  and  executed  (s.  130).     Cholera  Regula- 
nions  have  been  issued  under  this  section  (p.  470), 

Furthermore,  whenever  any  part  of  England  ap- 
/■•ears  to  be  threatened  with,  or  is  affected  by,  any. 
'1  ormidable  epidemic,  endemic,  or  infectious  disease, 
;;he  L.G.B.  may  make,  and  from  time  to  time  alter 
j>v  revoke,  regulations  for  any  of  the  following 
s purposes,  viz.  for  the  speedy  interment  of  the  dead,  for 
tiiouse-to-house  visitation,  for  the  provision  of  medical 
aid  and  accommodation,  for  the  promotion  of  cleans- 
!  ng,  ventilation,  and  disinfection,  and  for  guarding 
'  igainst  the  spi-ead  of  disease;  and  may  by  order 
ileclare  all  or  any  of  the  regulations  so  made  to  be 

n  force  within  the  whole  or  any  part  of  the  district 

if  any  S.A.,  and  to  apply  to  any  vessels  whether 

on  inland  waters  or  on  parts  of  the  sea  within 
■  the  jurisdiction  of  the  Lord  High  Admii-al  of  the 

United  Kingdom  (s.  134).    The  S.A.'s  are  required 
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to  do  everything  that  is  necessary  to  carry  out  these 
regulations. 

Hospitals. — Any  S.A.  inay  build  or  contract  for 
the  use  of  hospitals  for  their  district.  Two  or  nioro 
S.A.'s  may  combine  for  this  purpo.se  (s.  131).  The 
S.A.  may  recover  from  a  patient,  who  is  not  a 
pauper,  the  cost  of  his  maintenance  (s.  132).  The 
S.A.  may  with  the  sanction  of  the  L.G.B.  them- 
selves provide  or  contract  for  a  temporary  supply  of 
medicine  and  medical  assistance  for  the  poor  of  their 
district  (s.  133).    {See  also  Isolation  Hospitals  Acts.) 

Mortuaries. — Every  S.A.  may,  and,  if  required  by 
the  L.G.B. ,  must,  provide  a  mortuary,  and  may  make 
byelaws  with  respect  to  its  management  and  charges 
for  its  use.  They  may  also  provide  for  the  decent 
and  economical  interment^  at  charges  to  be  fixed 
by  such  byelaws,  of  any  dead  body  which  may 
be  received  into  a  mortuary  (s.  141).  A  Justice 
may,  on  a  ^certificate  signed  by  a  practitioner,  order 
to  be  removed  to  a  mortuary,  at  the  cost  of  the 
S.A.,  (1)  the  body  of  anyone  who  has  died  of 
any  infectious  disease,  and  which  is  retained  in 
a  room  in  which  persons  live  or  sleep,  or  (2)  any 
dead  body  which  is  in  such  a  state  as  to  endanger  the 
health  of  the  inmates  of  the  house  or  room  in  which  it 
is  retained.  He  may  direct  the  same  to  be  buried 
within  a  specified  time.  If  the  friends  fail  to  comply, 
it  is  the  duty  of  the  Relieving  Officer  to  bury,  and  the 
expenses  may  be  recovered  from  the  proper  person 
(s.  142).  The  S.A.  may  provide  a  place  for  the  post- 
mortem examination  ordered  by  a  coroner. 

New  streets  and  buildings. — In  urban  districts  all 
public  streets  (i.e.  those  reparable  by  the  inhabitants 
at  large)  are  vested  in  the  S.A.,  who  shall  cause  them 
to  be  levelled,  paved,  and  repaired,  as  occasion  may 
require  (s.  149).  The  owners  of  "property  abut- 
ting on  any  private  street  or  part  of  a  street  may 


I 


xhap. XVIII.]  Public  Health  Act,  1875.  503 

^be  required  by  the  (urban)  S.A.  to  level,  pave,  sewer, 
Uight,  or  make  good  such  street  or  part  of  a  street ;  and 
iin  case  of  default  the  S.A.  may  carry  out  the  work 
;iand  recover  the  expenses  from  the  owners  accord- 
iing  to  the  frontage  of  their  respective  premises 
((s.  150).  An  urban  S.A.  may  make  byelaws  with 
rregard  to  new  streets  and  buildings.  For  the  purposes 
oof  the  Act  the  re-erection  of  any  building  pulled 
(idown  to  or  below  the  ground  floor,  or  the  conversion 
iinto  a  dwelling-house  of  any  biiilding  not  originally 
^constructed  for  human  habitation,  or  the  conversion 
iinto  more  than  one  dwelling-house  of  a  building 
ooriginally  constructed  as  one  dwelling-house  only,  shall 
bbe  considered  the  erection  of  a  new  building  (s.  159). 

Dangerous  structures.^ — The  surveyor  of  an  urban 
SB.A.,  if  satisfied  that  any  building  or  wall  is  in  a 
rruinous  state  so  as  to  be  dangerous  to  passengers  or 
tto  the  inmates  of  neighbouring  houses,  shall  cause 
M,  fence  to  be  put  up,  and  shall  order  the  owner  forth- 
»yith  to  secure  or  pull  down  such  building ;  and  in 
ilefault  thereof  the  surveyor  may  obtain  a  Justice's 
3)rder  to  carry  out  the  necessary  works,  and  may 
[recover  the  expenses.  (Towns  Improvement  Clauses 
A^^ct,  sections  75-78,  incorporated  with  the  Public 
Eealth  Act  by  s.  160  of  the  latter.) 

Rain-pipes  and  eaves-gutters. — An  urban  S.A.  may 
compel  the  owner  of  any  building  adjoining  or  near 
CO  a  street  to  provide  within  seven  days  efficient  eaves- 
r^utters  and  rain-pipes.  (Towns  Improvement  Clauses 
^ct,  .s,  74;  Public  Health  Act,  s.  160.) 

Slaughter-houses. — An  urban  S.A.  may  provide 
J.battoirs  or  slaughter-houses,  and  if  they  do  so  must 
nnake  byelaws  with  respect  to  management  and 
bharges  (s.  169).    They  may  also  license  slaughter- 

*  These  and  some  of  the  following  provisions  are  not  to  be  found  in  the 
'8xt  of  the  Public  Health  Act,  but  in  the  incorporated  portion  of  the 
ti'owns  Iniproveinent  Clauses  Act. 
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houses  and  knackers'  yards,  and  without  their 
licence  no  place  shall  be  used  for  such  purposes 
which  was  not  so  used  at  the  time  of  the  passing  of  the 
Act,  i.e.  in  1875.  Every  place  used  as  a  slaughter, 
house  or  knackers'  yard  shall  be  registered  by  the 
owner  or  occupier  in  a  book  kept  by  the  S.A. 
An  iirban  S.A.  must  make  byelaws  in  regard  to 
slaughter-houses  and  knackers'  yards.  If  any  person 
is  convicted  of  killing  or  dressing  any  cattle  con- 
trary to  the  provisions  of  the  Public  Health  Act,  or  of 
the  non-observance  of  any  of  the  byelaws  or  regulations 
made  under  this  Act,  the  Justices  before  whom  he  is 
convicted  may  suspend  the  licence  for  two  months  or 
less,  and  in  the  event  of  a  second  offence  may  revoke 
the  licence.  (Sections  125  to  130  Towns  Improve- 
ment Clauses  Act,  incorporated  in  the  Public  Health 
Act  by  virtue  of  s.  169.) 

A.  legible  notice  bearing  the  words  Licensed 
Slaughter-House  or  Registered  Slaughter-House  must 
be  attached  and  maintained  in  some  conspicuous  place 
on  every  registered  slaughter-house  by  the  owner  or 
occupier  (s.  170). 

Combination  of  sanitary  authorities  for  appointment 
of  Medical  Officer  of  Health. — The  L.G.B.  may  (com- 
pulsorily  or  otherwise)  unite  two  or  more  districts 
situated  wholly  or  partially  in  the  same  county,  for 
the  purpose  of  appointing  a  Medical  Officer  of  Health; 
but  no  urban  district  with  more  than  25,000  in- 
habitants shall  be  included  without  the  consent  of  the 
S.A.,  and  in  the  event  of  any  S.A.  objecting  to  being 
included,  the  L.G.B.  can  only  include  their  district 
by  means  of  Provisional  Order  subject  to  confirmation, 
by  Parliament  (s.  280). 

A  S.A.  may  delegate  all  or  any  of  its  powers  to  A 
committee  of  its  own  members  (sections  200  and  201); 
and  a  rural  authority  may  form  parochial  committees 
consisting  wholly  or  partially  of  its  own  members,  and 
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may  give  to  such  committees  certain  limited  sanitary 
mnctions  (s.  202).  {See  under  Loc.  Govt.  Act,  p.  520.) 

Urban  poivers  for  rural  districts. — The  Ii.G.B. 
imay  give  to  a  rural  S.A.,  as  regards  the  whole  or  part 
)•)£  their  area^  any  powers  and  responsibilities  conferred 
r)y  this  Act  upon  urban  S.A.'s  (s.  276). 

Special  drainage  districts. — A  rural  S.A.  may, 
»vith  the  consent  of  the  L.G.B.,  constitute  any  portion 
))f  their  area  a  special  drainage  district  for  the  purpose 
))f  charging  thereon  exclusively  the  expenses  of  works 
)Df  sewerage,  water  supply,  or  other  works  which  may 
»e  declared  by  the  L.G.B.  to  be  special  expenses,  and 
[hereupon  such  area  shall  become  a  separate  co7itrihu- 
xory  place  (s.  277).  The  S.A.  have  also  power  to 
Ueclare  expenses  which  they  have  incurred  to  be 
nrivate  improvement  expenses,  and  to  charge  a  special 
nrivate  improvement  rate  in  respect  thereof  upon  the 
astate  benefited  (sections  213  and  232). 

Union  of  districts  for  sanitary  purposes. — Joint 
xjoards  may  be  formed,  by  order  of  the  L.G.B.,  for 
;lhe  purpose  of  water-supply  or  sewerage,  or  for  other 
iimrposes  of  the  Public  Health  Act,  as  applied  to  a 
iistrict  comprising  the  whole  or  parts  of  two  or  more 
aanitary  districts  (s.  279).  Under  this  section  joint 
Hospital  Boards  may  be  formed. 

Default  of  S.A. — If  satisfied,  after  due  inquiry, 
hhat  any  S.A.  have  made  default  in  providing  or  main- 
aaining  sewers,  or  in  providing  and  maintaining  a 
uupply  of  pure  water,*  or  in  enforcing  any  provisions 
ff  the  Public  Health  Act  which  it  is  their  duty  to 
unforce,  the  L.G.B.  shall  make  an  order  limiting  a 
idme  for  the  performance  of  their  duty  in  the  matter, 
ff  such  duty  is  not  performed  in  the  time  allowed, 
>he  order  may  either  be  enforced  by  writ  of  mandamus^ 

*  "  In  cases  where  danger  arises  to  the  health  of  the  inhabitants  from 
wie  insufficiency  or  unwholesomeness  of  the  existing  supply  of  water,  and 
p  proper  supply  can  be  got  at  a  reasonable  cost." 
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or  the  L.G.B.  may  appoint  some  person  to  perform 
the  woi'k,  and  charge  all  expenses  to  the  authority  in 
default  (s.  299). 

[The  7tli  section  of  the  Housing  of  the  Working 
Classes  Act,  1885,  has  a  wider  scope.] 

Port  Sanitary  Authority. — The  L.G.B.  maj'-,  by 
order,  constitute  any  S.A.  whose  district  abuts  upon 
any  port  in  England  the  S.A.  for  the  whole  or  for  any 
part  of  such  port.  The  Board  may  also  combine  two 
or  more  riparian  authorities  for  the  purpose ;  or  may 
constitute  one  Port  S.A.  for  any  two  or  more  ports. 
The  Authority  may  be  constituted  permanently  or 
temporarily.  The  order  constituting  the  Authority 
may  assign  to  it  any  of  the  powers  or  duties  of  an 
urban  S.A.  so  far  as  applicable  to  a  Port  S.A.,  and 
to  vessels,  waters,  or  persons  within  its  jurisdiction — • 
namely,  under  sections  91  to  111  (nuisances),  120  to 
133  (infectious  diseases  and  hospitals),  131  to  13S 
(prevention  of  epidemic  diseases),  141  and  142  (mortu- 
aries), 182  to  186  and  188  (byelaws),  18S  (appoint- 
ment of  M.O.H.  and  inspector  of  nuisances),  and 
other  sections.* 

The  Public  Health  (Water)  Act,  18'y§,  applies 
to  every  rural  S.A.,  and  also  to  such  urban  S.A.'s 
as  the  L.G.B.  may  order  (sections  3  and  11).  Every 
rural  S.A.  shall  see  that  every  occupied  dwelling- 
house  within  their  district  has,  within  reasonable 
distance,  an  available  and  sufficient  supply  of  whole- 
some water.  If  the  M.O.H.  reports  that  an  occupied 
house  is  without  such  supply,  and  the  S.A.  are  of 
opinion  that  such  a  supply  can  be  provided  at  a 
reasonable  cost  (the  interest  on  which,  at  5  per  cent.^., 

*  Tlie  iHiwers  mid  duties  of  :i  Port  S.A.  and  its  officers  consist  prini.iriljf 
of  tlioao  CDiifeiTed  by  sucli  of  tlui  .spci-iliod  portions  of  tlie  rublio  Heal^ 
Act  as  tlie  particular  Order  may  decide.  Tliey  arc  extt-ndod  by  tM 
Cliolcra  Hciiidations  (i>age470),  and  the  Order  prescribing  the  duties  « 
tliu  Port  IHL.O.H,  A  sliip  comes  within  the  dellnition  of  "house"  for 
many  purposes  (page  497). 
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luill  not  exceed  twopence  or  threepence  per  week,  as 
lie  L.G.B.  may,  on  the  application  of  the  S.A., 
K'termine  to  be  reasonable  in  the  circumstances), 
he  S.A.  may  require  the  owner  (subject  to  appeal  to 
he  L.G.B.)  to  provide  such  supply  within  a  specified 
ime,  and,  in  case  of  default,  may  themselves  carry 
)ut  the  necessary  works  at  his  expense.  It  remains, 
lowever,  the  duty  of  the  S.A.  to  provide  any  part  of 
heir  district  with  a  sujDply  of  water,  in  cases  where 
I  anger  arises  to  the  health  of  the  inhabitants  from 
lie  insuflScienc}'^  or  unwholesomeness  of  the  existing 
apply,  and  a  general  scheme  of  supply  is  required, 
lud  can  be  got  at  reasonable  cost  (s.  3). 

The  owner  of  any  dwelling-house  in  a  rural  district 
liat  may  be  erected  or  rebuilt  from  the  ground-floor 
1  Iter  the  date  of  this  Act  shall  not  permit  such  house 
0  be  occupied  without  a  certificate  from  the  S.A. 
hat  it  is  provided  with  a  sufficient  and  available 
apply  of  wholesome  water,   such  certificate  to  be 
ised  on  the  report  of  the  M.O.H.  or  inspector 
^.  6).    If  the  S.A.  provide  a  stand-pipe  for  water- 
supply,  they  may  levy  water  charges  upon  every  dwell- 
iiig  within  200  feet,  as  if  the  supply  were  given  on 
he  premises;  not,  however,  upon  such  houses  as  have 
good  supply  within  reasonable  distance,  from  another 
>urce,  unless  water  from  the  stand-pipe  is  used  by 
he  inmates  (s.  9). 

Every  rural  S.A.  must,  through  their  oflScers  or 
•thcrwise,  provide  for  the  periodical  inspection  of  the 
\\  ater-supply  of  their  district.  The  same  powers  of 
'  iitry  upon  premises  are  given  as  are  conferred  by 
actions  102  and  103  of  the  Public  Health  Act,  1875, 
111  respect  of  nuisances  (s.  7). 

Tlic  Public  llealtli  Act,  1896,  repeals  the 
old  Quarantine  Act  of  1825,  and  extends  the  powers 
of  the  L.G.B.  to  make  Orders  under  sections  1 30  and 
134  of  the  1875  Act,  dealing  with  epidemic,  endemic, 
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or  infectious  diseases.  Accordingly  {.see  p.  470), 
regulations  as  to  cholera,  yellow  fever,  and  plague 
were  issued  in  an  Order  dated  1896  and  renewed 
September  9th,  1907. 

The  Public  Health  (Ports)  Act,  1§96, 
enables  the  L.G.B.  to  issue  orders  making  all  or 
any  of  the  provisions  of  the  Infectious  Diseases 
Prevention  Act,  1890,  applicable  to  any  Port 
Sanitary  Authority. 

The  Public  Health  Acts  Amendment  Act, 
1890,  is  an  "  adoptive  "  Act,  of  which  Part  III.  is  con- 
cerned with  sanitary  matters.  Urban  S. A.'s  may  by 
resolution  adopt  any  part  of  the  Act ;  rural  Authorities 
can  adopt  those  powers  which  are  not  expressly 
limited  to  urban  districts,  and  as  regards  the  rest,  can 
apply  to  the  L.G.B.  for  full  urban  powers  in  the  same 
manner  as  under  the  1875  Act. 

The  following  are  the  chief  provisions  of  Part  III. 

Sewers. — It  is  unlawful  to  pass  into  any  drain  or 
sewer  {a)  any  substance  which  may  injure  it  or  impede 
the  flow  of  its  contents  ;  or  (h)  any  chemical  refuse,  or 
waste  steam,  or  water  or  other  liquid  heated  above 
110°  P.,  which  either  alone  or  in  combination  with 
sewage  causes  a  nuisance  or  is  dangerous  to  health.  • 

Closets^  etc. — Where  any  sanitary  convenience  is 
used  in  common  by  the  occupants  of  two  or  more 
houses,  any  person  fouling  or  injui-ing  it  is  liable  to 
penalty  ;  and  if  nuisance  arises  from  want  of  cleanli- 
ness of  any  part  of  it  or  of  the  approaches,  each  of  the 
persons  having  the  right  of  use  is  liable  to  penalty,  in 
the  absence  of  proof  as  to  which  of  them  is  in  default. 
Sufficient  and  suitable  sanitary  conveniences  must 
be  provided  in  all  factories  and  workshops ;  with 
separate  accommodation  for  each  sex,  where  persons  of 
both  sexes  are  employed  (s.  22). 

Byelaws. — Urban  S.A.'s  may  make  byelaws  re- 
specting public  sanitary  conveniences  provided  by 
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■em.    Section  157  of  the  1875  Act  is  extended  so  as 
enable  any  urban  S.A.  to  make  further  byelaws 
•ncerning  new  buildings,  upon  the  following  points  : 
)  adequate  water  supply  to  closets  ;  (6)  construction 
i    floors,  hearths  and  staircases  ;  (c)  height  of  rooms 
.  tended  for  habitation;  (0?)  paving  of  yards  and  open 
'  laces  in  connection  with  houses ;   (e)  provision  of 

>  coudary  approaches  to  houses,  for  the  purpose  of  re- 
!  oving  refuse.    It  is  further  provided  that  byelaws 

>  specting  closets  and  drainage  may  be  made  appli- 
;  ,ble  to  old  as  well  as  new  houses.  Similar  power 
\ '  framing  byelaws  respecting  buildings  (under  s. 
'57  as  amended)  is  given  to  rural  S.A.'s,  but  with 
!  rtain  exceptions.  [Apart  from  this  the  L.G-.B. 
1  n,  as  already  stated,  grant  full  urban  powers  to 
li  iral  Authorities.]  Any  S.A.  may  make  byelaws  to 
r  -event  buildings  erected  in  accordance  with  byelaws 
•  cm  being  altered  in  such  a  way  that  if  at  first  so 
'  instructed  they  would  have  contravened  the  byelaws. 

An  urban  S.A.  may  make  byelaws  respecting  the 
I  Triage  through  the  streets  of  offensive  matter  or 
:  [uid,  prescribing  (a)  certain  hours  for  such  removal, 
'  ')  proper  construction  and  covering  of  the  receptacle 

>  ^e'd  for  the  removal,  and  (c)  the  cleansing  of  any 
i  'ace  fouled  by  matters  dropped  or  spilled. 

Any  S.A.,  themselves  undertaking  or  contracting 
i  >r  the  removal  of  house-refuse,  may  make  byelaws 
-■'  n posing  upon  the  occupier  duties  in  connection  with 
ich  removal. 

Polluted  sites. — No  new  building  may  be  erected 
pon  ground  impregnated  with  animal  or  vegetable 
latter,  or  upon  which  such  matter  has  been  deposited, 
■  uless  such  matter  has  been  properly  removed  or  has 
ficoine  innocuous.  If  (in  an  urban-  district)  any  por- 
on  of  a  room  is  immediately  over  any  jirivy  (not 
eing  a  water-closet  or  earth-closet),  cesspool,  midden, 
r  ash-pit,  it  is  illegal  to  occupy  it,  or  suffer  it  to  be 
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occupied,  as  a  dwelling-place,  sleeping-place,  work- 
room, or  place  of  business. 

Cleansing  of  common  passages. — If  in  an  urban 
district  any  private  court  or  passage,  leading  to  the 
back  of  several  buildings  separately  occupied,  is  not 
regularly  and  effectually  swept  and  kept  clean,  the 
S.A.  may  cause  it  to  be  swept  and  cleaned,  and  re- 
cover the  expenses  from  the  occupiers. 

Pollution  of  streams  hy  solid  refuse. — It  is  for- 
bidden ''  to  throw  or  place  ....  in  any  ....  water- 
course within  any  district  in  which  this  part  of  this 
Act  is  adopted,  any  cinders,  ashes,  bricks,  stone,  rub- 
bish, dust,  filth,  or  other  matter  which  is  likely  to 
cause  annoyance." 

Food. — Sections  116 — 119  of  the  1875  Act  are  ex- 
tended so  as  to  apply  to  "  all  articles  intended  for  the 
food  of  man,  sold  or  exposed  for  sale,  or  deposited  in 
any  place  for  the  purpose  of  sale,  or  of  preparation  for 
sale."  A  Justice  may  condemn  any  such  article  and 
order  it  to  be  destroyed,  if  satisfied  that  it  is  diseased, 
unsound,  unwholesome,  or  unfit  for  the  food  of  man, 
even  if  it  has  not  been  formally  seized  under  s.  116. 

Slaughter-houses. — Licences  gi-anted  after  the 
adoption  of  this  Act  are  to  remain  in  force  only  for 
such  period,  not  being  less  than  a  year,  as  the  S.A. 
shall  specify  in  the  licence.  Every  change  of  occupa- 
tion of  a  licensed  slaughter-house  must  (under  penalty) 
be  notified  in  writing  to  the  inspector  of  nuisances; 
and  notice  of  this  requirement  must  be  endoi'sed  on 
all  new  licences.  If  the  occupier  of  any  licensed 
slaughter-house  is  competed  under  sections  1 1 6 — 1 1 9  of 
the  1875  Act,  the  Court  may  revoke  the  licence. 

Comraon  lodgioig-houses .  —  A  penalty  is  imposed 
upon  the  keeper  if  he  fails  to  give  notice  of  any  case 
of  infectious  disease,  as  required  by  s.  84  of  the  1875' 
Act  (p.  494).  : 

The  Act  does  not  apply  to  London. 
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The  Public  Health  Acts  Amendment  Act, 
9907,  is  also  an  "  adoptive  "  Act  in  the  sense  that 
,.A.'s  may  apply  to  the  L.G.B.  to  make  an  Order 
inr  its  enforcement  as  regards  Parts  I. — YI.  The 
(  Ct  does  not  apply  to  London.  Parts  VII.  (Police), 
Till.  (Fire  Brigade),  and  IX.  (Sky  Signs)  are  en- 
iDrceable  by  the  Home  Secretary.  Part  I.  deals  with 
146  general  application  of  the  Act.  Part  II.  concerns 
rreets  and  buildings,  and  provides  for  deposit  of 
tans,  means  of  access,  repairs,  enclosing  dangerous 
f  aces,  fencing  lands,  re-naming,  temporary  buildings, 
oc.  The  only  strictly  sanitary  clause  in  this  Part  is 
rr  the  effectual  paving  and  drainage  of  subsoil  or 
iirface  of  yards  of  dwelling-houses. 

Part  III.  contains  the  chief  sanitary  provisions. 
35  adds  to  the  nuisances  enumerated  in  the  Public 
tlealth  Act,  1875,  any  cistern  used  for  the  supply  of 
aater  for  domestic  purposes  so  placed,  coijistructed,  or 
eapt  as  to  render  the  water  therein  liable  to  con- 
j.mination  likely  to  cause  risk  to  health  ;  any  gutter, 
Tain,  shoot,  stack-pipe  so  defective  as  to  cause 
umpness  to  a  building ;  and  any  deposit  of  material 
u  or  on  any  building  or  land  which  shall  cause  a 
lamiDness  dangerous  or  injurious  to  health.  Rain- 
aater  pipes  must  not  be  used  as  soil  pipes  (s.  36),  nor 
i.ust  water  or  stack  pipes  be  used  as  ventilating 
i.iafts  (s.  37).  S.  39  deals  with  the  provision  of 
iifficient  and  proper  water  closet,  and  slop-closet 
;.3commodation  in  new  and  old  buildings,  and  power 
given  to  S.A.'s  to  require  the  provision  of 
:irinals  to  public-houses  and  similar  establishments. 
Dn  report  of  defective  or  suspicious  drainage,  tests 
aiay  be  applied  (except  the  water  test)  subject  to 
lonsent  of  owner  or  occupier,  or  by  order  of  a  court 
I  summary  jurisdiction,  and  provision  is  made  for 
lling  up  old  cesspools.  The  S.A.  may  provide  and 
maintain  public  sanitary  conveniences  in  or  under 
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streets.    By  s.  48  the  Authority  must  remove  trade 
refuse  if  required  by  owners  or  occupiers  so  to  do. 

Various  new  powers  are  given  in  Part  IV,  as  to 
infectious  diseases.  If  any  person  knows  that  he  is 
suffering  from  an  infectious  disease  he  may  not  engage 
in  any  industrial  occupation  unless  he  can  do  so 
without  risk  of  spreading  infection.  If  the  M.O.H. 
certifies  to  the  S.A.  that  milk  is  suspected  of  con- 
veying infection,  the  S.A.  may  require  the  dairyman 
to  furnish  a  list  of  sources  of  his  milk  supply,  for 
which  he  shall  be  paid  sixpence  for  every  25  names. 
Every  dairyman  shall  notify  to  the  S.A.  the  occurrence 
of  all  cases  of  infectious  disease  among  his  servants. 
Infected  clothes  may  not  be  sent,  unless  disinfected, 
to  a  public  laundry.  S,  57  provides  that  no  child 
suffering  from  infectious  disease  or  who  has  been 
exposed  to  infection  shall,  after  notice  from  the 
M.O.H.,  be  'Sent  to  school  without  a  certificate  from 
the  M.O  H.,  and  if  the  S.A.  require  it  the  head 
teacher  of  a  school  shall  furnish  (for  sixpence  per  25 
names)  a  complete  list  of  the  names  and  addresses  of 
the  scholars  in  a  school  in  whicli  any  scholar  is 
suffering  from  an  infectious  disease.  Persons  su  Bering 
from  infectious  diseases  shall  not  use  any  book  from 
a  public  library  or  enter  any  public  vehicle,  in  the 
latter  case  both  patient  and  driver  being  heldf 
responsible.  If  any  public  vehicle  be  so  used  it  must 
be  disinfected.  Extended  powers  for  cleansing  and 
disinfecting  premises  are  also  given  ;  for  the  manage- 
ment of  common  lodging-houses  ;  for  the  provision  of 
"recreation  grounds ;  for  policing  streets ;  for  fire 
brigades  ;  and  sky  signs. 

The  Infectious  Diseases  Prevention  Act, 
1890,  is  another  adoptive  or  optional  Act ;  and  any 
extra-metropolitan  S.A.  may  by  resolution  adopt  all 
or  any  of  its  sections,  and  may  by  further  resolution 
rescind  them.    For  London  its  leading  provisions  are 
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oiitained  in  the  Public  Health  (London)  Act.  The 
it'ectious  diseases  to  which  this  Act  applies  are  those 
prcified  in  (or  added  to)  the  Infectious  Diseases  Noti- 
cation  Act.  The  principal  provisions  are  as  follows  : — 
Milk  sujyplies. — If  the  M.O.H.  has  reason  to  be- 
(  ve  that  the  consumption  of  milk  from  any  dairy* 
\\  ithin  or  without  his  district)  has  caused  or  is  likely 
>)  cause  infectious  disease  to  any  person  residing  in 
lie  district,  he  may  (if  authorised  by  a  Justice  having 
it  isdiction  in  the  place  where  the  dairy  is  situate) 
ispect  the  dairy.    He  may  further,  if  accompanied 
■ ,'  a  veterinary  surgeon,  inspect  the  animals  therein, 
t'  after  inspection  he  is  of  opinion  that  infectious  dis- 
se  is  caused  by  consumption  of  the  milk,  he  must 
'  |)ort  to  the  S.A.,  forwarding  also  any  report  fur- 
ished  to  him  by  the  veterinary  surgeon.    The  S.A. 
nay  then  give  not  less  than  24  hours'  notice  to  the 
airy  man  to  appear  before  them,  and  show  cause  why 
lie  supply  of  the  milk  in  their  district  should  not  be 
i  nhibited.    If  in  their  opinion  he  fails  to  show  such 
•  use,  they  may  order  accordingly,  and  must  give 
tice  of  the  facts  to  the  S.A.  and  the  County  Council 
the  district  in  which  the  dairy  is  situate,  and  to  the 
j.G.B.    The  order  must  be  forthwith  withdrawn  on 
i If  S.A.  or  the  M.O.H.  being  satisfied  that  the  milk 
ipply  has  been  changed,  or  that  the  cause  of  infection 
s  been  removed.    Penalties  are  pi-bvided  for  con- 
I  avention  of  this  section  of  the  Act. 

Disinfection. — Where  the  M.O.H.  or  any  regis- 
red  medical  practitioner  certifies  that  the  cleansing 
iid  disinfection  of  any  house,  or  part  thereof,  and  of 
ny  articles  therein,  would  tend  to  prevent  infection, 
lie  S.A.  may,  after  24  hours'  notice  to  the  owner  or 
K-cupier,  proceed  to  carry  out  such  disinfection  Or 

*  Including  any  farm,  farmhouse,  cowshed,  milk  store,  milk-shop,  or 
tlier  place  from  which  milk  is  supplied  or  in  which  it  is  kept  for  the 
lurpose  of  sale. 
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cleansing,  unless  within  that  time  he  informs  tlie 
S.A.  that  he  will,  within  a  period  fixed  in  the  notice, 
himself  carry  out  the  work  to  the  satisfaction  of  the 
M.O.H.  If  he  fail  to  do  this  within  the  specified 
period,  it  is  to  be  done  by  the  officers  of  the  S.A., 
under  the  superintendence  of  the  M.O.H.,  and  the 
expenses  may  be  recovered.  Power  of  entry  between 
10  a.m.  and  6  p.m.  is  given  for  the  purposes  of  this 
section.  Where  the  section  is  adopted,  the  I20th 
section  of  the  Public  Health  Act,  1875,  is  repealed. 

The  S.A.  may,  by  written  notice,  require  (under 
penalty)  any  infected  clothing  or  other  articles  to  be 
delivered  to  their  officer  for  disinfection.  The  S.A. 
must  take  away,  disinfect,  and  return  such  articles 
free  of  charge,  and,  in  the  event  of  any  unnecessaiy 
damage,  must  compensate  the  owner. 

Any  person  who  shall  cease  to  occupy  any  house 
or  room  in  which  any  person  has,  within  six  weeks, 
been  suffering  from  any  infectious  disease  («)  must 
have  such  house  or  room  (and  all  articles  therein 
liable  to  retain  infection)  disinfected  to  the  satisfac- 
tion of  a  registered  medical  practitioner,  as  testified 
by  a  certificate  signed  by  him ;  (6)  must  give  to 
the  owner  notice  of  the  previous  existence  of  such 
disease ;  and  (c)  must  not  knowingly  make  a  false 
answer  when  questioned  by  the  ownei",  or  by  any 
person  negotiating  for  the  hire  of  the  house  or  room, 
•as  to  there  having,  within  six  weeks  previously,  been 
therein  any  person  suffering  from  any  infectious 
disease.  Penalties  are  provided  in  each  case.  The 
S.A,  must  give  notice  of  the  provisions  of  this 
section  to  the  occupier  of  any  house  in  which  they 
are  aware  there  is  a  person  suffering  from  an  infec- 
tious disease. 

Prompt  interment. — The  body  of  a  person  who  has 
died  of  any  infectious  disease  must  not,  without  a 
certificate  from  the  M.O.H,  or  a  registered  medical 
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uactitioner,  be  retained  for  more  than  48  hours  else- 
s  here  than  in  a  mortuary,  or  in  a  room  not  used  at  the 
iiiie  as  a  dwelling-place,  sleeping-place,  or  workroom, 
u  such  cases,  and  also  where  any  corpse  is  retained  in 
building  so  as  to  endanger  the  health  of  the  inmates. 
Justice  may,  upon  the  application  of  the  M.O.K,, 
1  (ler  the  body  to  be  removed  by  the  S.A.to  a  mortuary, 
iid  to  be  buried  within  a  specified  time.    Unless  the 
liends  undertake  to  bury,  and  do  bury  within  the 
pecified  time,  the  relieving  officer  must  do  so.  The 
i()dy  of  any  pei'son  who  has  died  from  infectious  disease 
il  a  hospital  must  not  be  removed  except  for  imme- 
iate  interment  or  to  a  mortuary,  if  the  M.O.K.  or 
registered  practitioner  certify  tliat  such  restriction 
<  desirable  for  preventing  infection.  The  body  of  any 
1  rson  who  has  died  from  an  infectious  disease  must 
ot  be  conveyed  in  any  public  conveyance  (other  than 
hearse)  without  due  warning  to  the  owner  or  driver, 
ho  must  forthwith  provide  for  disinfection. 

Detention  in  hospital. — Any  person  suffering  from 
iiy  infectious  disease,  and  being  an  inmate  of  a 
Dspital  for  infectious  diseases,  and  who  upon  leaving 
ould  be  without  accommodation  in  which  dvie  pre- 
l  utions  could  be  taken  against  the  spread  of  infection, 
ic-iy,  by  order  of  a  Justice,  be  detained  in  hospital  (at 
le  cost  of  the  S.A.)  for  any  specified  period,  and  such 
I'liod  may  be  extended  as  often  as  necessary. 

The  S.A.  shall  provide  free  temporary  shelter, 
ith  any  necessary  attendance,  for  the  members  of 
iiy  family  in  which  infectioiis  disease  has  appeared, 
ho  have  to  leave  their  dwellings  to  allow  of  dis- 
fection  by  the  S.A. 

Infectioics  rubbish  must  not  be  thrown  into  any 

eptacle  for  refuse  without  previous  disinfection, 
otice  of  this  prohibition  must  be  served  by  the  S.A. 
I'on  the  master  of  any  house  in  which  there  is  any 
se  of  dangerous  infectious  disease. 
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The  Isolation  Hospitals  Act,  1893,  gives  to 
County  Councils  limited  power  to  secure  the  provision  of 
isolation  hospitals  in  their  various  counties.  It  applies 
to  England  and  Wales  generally,  but  not  to  London  or 
to  any  county  borough ;  other  boroughs  also  ai c 
exempt,  except  by  Order  of  the  L.G.B.,  if  the  popu- 
lation be  less  than  10,000  (according  to  the  latest 
census),  or  by  consent  of  the  corporation  if  the  popu- 
lation be  10,000  or  more. 

A  Hospital  District  may  consist  of  one  or  more 
local  "  local  area "  includes  an  urban  or 

rural  sanitary  district,  or  any  "contributory  place," 
and  is  constituted  by  Order  of  the  County  Council. 

Procedure. — The  County  Council  may  take  the 
initiative  by  directing  their  M.O.H.  to  report  as  to 
the  hospital  requirement  of  any  part  of  their  county, 
and  acting  upon  his  report ;  but  they  may  also  be 
set  in  motion  by  a  petition  from  any  local  authority, 
or  from  twenty-five  ratepayers  in  any  contributory 
place.  The  next  step  is  for  the  County  Council  to 
hold  a  local  inquiry,  after  which  they  make  an 
Order  C9nstituting  the  hospital  district  and  defin- 
ing its  extent.  No  local  area  can  be  included  in  a 
hospital  district  without  the  consent  of  its  local 
authority,  if  it  already  has  (in  the  judgment  of  the 
County  Council)  adequate  accommodation ;  nor  must  a 
hospital  district  be  formed  for  one  local  area  only,  oc 
for  one  or  more  local  areas  within  the  same  rural 
sanitary  district,  Avithout  the  consent  of  the  S.A., 
unless  the  County  Council  ai*e  satisfied  that  tlie  S.A, 
are  unable  or  unwilling  to  make  suitable  provision 
for  the  purpose.  The  Order  constitutes  a  ho-spital 
committee,  consisting  of  local  representatives,  but  if  a 
grant  be  rnade  out  of  county  funds  the  committee 
may  consist  wholly  or  in  part  of  county  councillors. 
The  Order  further  gives  the  committee  power  to 
provide  and  maintain  a  hospital ;  and  apart  from  this 
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hey  are  aiithorised  by  the  Act  to  make  temporary 
rraiigements  for  isolation,  and  to  establish  district 

lospitals  in  cottages  or  small  bitildings.  They  may 
Iso  (subject  to  any  regulations  made  by  the  County 
ouncil)  undertake  the  training  of  nurses,  and  may 

•harge  for   their  attendance  outside  the  hospital. 

livery  hospital  is  to  be  provided  with  one  or  more 

Linbulances,  and  must,  if  practicable,  be  "in  connec- 
ion  with  the  system  of  telegraphs." 

The  County  Council  have  the  power  of  inspecting 

my  such  hospital,  and  of  raising  money  by  loan  for 

lie  purposes  of  the  hospital. 

Expenses. — "  Structural "  (e.g.  site,  bnilding,  fur- 

lishing,  extensions,  etc.)  and  "Establishment"  (e.g. 

iiaintenance  of  hospital,  salaries,  etc.)  expenses  are 
nvne  by  the  several  local  rates  of  the  constituent 
ical  areas,  in  propoi'tions  to  be  fixed  by  the  Order. 

The  costs  of  conveying,  removing,  feeding,  medicines, 

I  isinfecting,  and  "  all  other  things  required  for  patients 
iidividually,  exclusive  of  structural  and  establishment 
\  penses,"  are  termed  patients'  expenses.  For  ordinary 
un-pauper  patients  they  are  to  be  paid  by  the  local 

uithority  out  of  the  rates  of  the  local  area  from 
Ahich  the  patient  came,  but  the  Guardians  are 
sponsible  if  Poor  Law  relief  had  been  given  at  or 
ithin  a  fortnight  of  the  time  of  admission.  Patients 
1<  siring  exceptional  accommodation  are  themselves 
sponsible  for  the  cost  of  maintenance,  etc.,  on  such 
rms  ("special  patients'  expenses")  as  the  committee 

II  My  appoint. 

The  Isolation  Hospital  Act,  1901,  provides 
.liat  a  S.A.  having  possession  of  a  hospital  for  the 
reception  of  the  sick  may,  with  the  sanction  of  the 
Xi.G.B.,  transfer  it  to  the  County  Council  for 
ajjpropriation  to  a  district  under  the  Isolation  Hos- 
pitals Act,  1893,  as  an  infectious  disea.ses  hospital, 
land  the  County  Council  may  contribute  to  the  expenses 
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of  such  a  hospital.  Minor  amendments  and  defini- 
tions are  included  in  the  Act. 

Miclwivcs  Act,  I905i,  is  another  Act  directly 
concerned  with  disease-prevention,  and  may  therefore 
be  quoted  here.  The  duties  of  the  Local  Supervising 
Authorities  (the  Councils  of  Counties  or  County 
Boroughs,  or  bodies  to  whom  they  may  delegate  their 
powers)  ai-e  defined  in  Rules  drawn  up  by  tlie  Central 
Midwives  Board  under  s.  3,  and  approved  by  the 
Privy  Council.  In  addition  to  the  registration  of 
midwives,  the  following  duties  arise  under  s.  3  : — 

(1)  To  exercise  a  general  supervision  over  all 
midwives  practising  within  their  area,  in  accord- 
ance with  the  above  rules. 

(2)  To  investigate  charges  of  malpractices, 
negligence,  or  misconduct  on  the  part  of  a  mid- 
wife. If  a  'primdj  facie  case  be  established,  it  is 
to  be  reported  to  the  Central  Board. 

(3)  To  suspend  a  midwife  from  practice,  when 
necessary,  in  accordance  with  the  INIidwivea 
Board  rules. 

The  rules  (1907)  in  question  include  the  follow- 
ing :— 

Whenever  a  midwife  has  been  in  attendance  upon  a  patient 
suffering  from  puorjjeral  fever,  or  from  any  other  illntjss 
supposed  to  be  infectious,  she  must  disinfect  herself,  and  all 
her  instruments  and  other  appliances,  to  the  satisfaction  of  the 
S.A.,  and  must  have  her  clothing  thoroughly  disinfected 
before  going  to  another  labour.  Unless  otherwise  directed  by 
the  Local  Supervising  Authority,  all  washable  clothing  should 
be  boiled,  and  other  clothing  should  be  disinfected  by  th» 
S.A. 

Formal  notification  must  be  made  by  the  midwife  to  the 
Local  Supervising  Authority  when  any  of  the  following 
occur : — 

(a)  When  the  mother  or  the  child  dies  without 
having  been  seen  by  a  registered  medical  practitioner. 

\b)  When  the  child  is  deemed  to  be  stillboi-n. 

\e)  When,  owing  to  the  occurrence  of  various  com- 
plications either  of  the  labour  or  of  its  aftercourse,  as 
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f  defined  in  the  rules,  it  has  been  necessary  for  the  mid- 
wife to  advise  that  a  i-egislered  medical  practitioner  be 
sent  for. 

I     The  Local  Supervising  Authority  must  secure  proper  in- 
I  pection  of  every  midwife's  case  book,  bag  of  instruments  and 
ppliances,  etc.,  and  must,  when  necessary,  make  arrange- 
;.  lents  for  inspection  of  her  residence,  and  for  investigation  of 
er  mode  of  practice. 

The  Local  Supervising  Authority  are  to  suspend  from  prac- 
ice  a  midwife  who  contravenes  the  directions  issued  for  the  use 
;  f  disinfectants  and  for  the  proper  safeguards  against  the  spread 
:  E  infection  laid  down  by  the  Central  Board,  or  other  rules  of 
he  Board.    Any  suspension  (with  the  grounds  thereof)  must 
•  e  reported  to  the  Central  Board. 

Local  Ooveriiineiit  Act,  1§§8. — The  sanitary 
nrovisions  of  this  important  Act  are  few.    Besides  the  powers 
Q  respect  of  pollution  of  streams  conferred  upon  County 
'ouncils  by  s.  14,  and  the  provisions  as  to  the  appointment  and 
;  ualifications  of  county  and  other  M.O.H.  contained  in 
ections  17  and  18  (page  473),  only  the  following  require 
naention  here  : — 

A  County  Council  may,  subject  to  the  approval  of 
the  L.G.B.,  make  byelaws  in  relation  to  the  whole  or 
any  specified  part  of  their  county  (boroughs  excepted*) 
for  A'arious  purposes,  including  the  prevention  and 
suppression  of  nuisances  not  already  punishable  in  a 
summary  manner  by  virtue  of  any  Act  in  force  through- 
out the  county  (s.  16). 

Every  M.O.H.  for  a  district  in  any  county  shall 
send  to  the  County  Council  a  copj'  of  everj'  periodical 
report  f  of  which  a  copy'is,  for  the  time  being,  required 
by  the  regulations  of  the  L.G.B.  to  be  sent  to  the 
Board ;  and  if  the  M.O.H.  fail  to  send  such  copy,  the 
County  Council  may  refuse  to  pay  any  contribution 
towards  his  salary.  If  it  appear  to  the  County  Council 
from  any  such  report  that  the  Public  Health  Act,  1876, 
has  not  been  properly  put  in  force  within  the  district  to 
which  the  report  relates,  or  that  any  other  matter  affect- 
ing the  public  health  of  the  district  requires  to  be 
remedied,  the  Council  may  cause  a  representation  to  be 
made  to  the  Xi.G.B.  on  the  matter  (s.  19). 

*  Boroughs  have  the  .same  power  under  s.  23  of  the  Municipal  Corpora- 
tion.s  Act,  1882. 

t  The  Regulations  of  the  L.G.B.  require  the  M.O.H.  to  furnish  the 
County  Council  with  copies  of  special  as  well  as  annual  reports. 
(See  page  477.) 
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County  Councils  have  now  ceitain  powers  under  tln' 
Housing  of  the  Working  Classes  Act,  and  they  have,  of  courHc , 
power  to  make  formal  or  infonnai  representations  to  tlic 
L.G.B.,  or  other  controlling  authority,  upon  any  matter. 

The  Local  Government  Act,  1894,  does  not 
apply  to  county  boroughs,  or  to  London,  Scotland,  or 
Ireland. 

Area  and  boundaries. — Boundaries  are  to  Ijf 
adjusted  so  as  to  prevent  intersection  of  thosf 
which  define  counties,  county  districts,  unions,  and 
parishes.  Small  rural  parishes  are  to  be  grouped  into 
workable  units  for  parish  council  purposes,  but  each 
is  to  have  its  parish  meeting.  In  rural  districts 
Parish  Meetings  and  Parish  Councils  are  constituted. 

The  Parish  Meeting  has  the  exclusive  power  of 
adopting  certain  optional  Acts,  including  the  Burials 
Acts  and  the  Baths  and  Washhouses  Act,  and  its 
consent  is  requii'ed  before  the  Parish  Council  can 
incur  any  expense  involving  a  loan  or  a  rate  exceeding 
3d.  in  any  year. 

The  Parish  Council  have  power  (s.  8)  "to  utilise 
any  well,  spring,  or  stream  within  their  parish 
and  provide  facilities  for  obtaining  water  therefrom,* 
but  so  as  not  to  intei'fere  with  the  rights  of  any 
corporation  or  person ;  and  to  deal  with  any  pond, 
pool,  open  ditch,  drain,  or  place  containing  or  used 
for  the  collection  of  any  drainage,  filth,  stagnant 
water  or  matter  likely  to  be  prejudicial  to  health,  by 
draining,  cleansing,  covering  it,  or  otherwise  prevent- 
ing it  from  being  prejudicial  to  health,  but  so  as  not 
to  interfere  with  any  private  right  or  the  sewage  or 
drainage  works  of  any  Local  Authority."  They  may 
execute  works  for  these  purposes,  or  contribute  to 
the  cost.  They  may  complain  (s.  16)  to  the  County 
Council  if  the  Rural  District  Council  have  failed  to  pro- 

*  They  cannot,  except  by  agreement,  acquire  land  for  tlie  inu-pose  ofL" 
any  supply  of  water  (s.  9). 
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vide  or  to  maintain  sufficient  drainage  or  water  supply 
for  the  parish,  or  to  enforce  any  provision  of  the 
Public  Health  Act,  and  in  that  event  the  County 
t  Council  may  take  over  to  themselves  the  powers  of 
the  District  Council  for  the  purpose,  or  may  make  an 
Order  for  the  necessary  works  to  be  carried  out  by 
the  District  Council  or  by  some  person  appointed  by 
the  County  Council.  Notice  must  be  given  to  the 
Parish  Council  concerned  if  the  Rural  District  Council 
decide  to  undertake  works  of  sewerage  or  water 
supply.  The  Parish  Council  may  acquire  or  hire  land 
for  allotments,  and  may,  if  necessary,  appeal  to  the 
County  Council  for  compulsory  powers  of  purchase 
or  hire ;  the  Order  if  granted  requires  confir- 
mation by  the  L.G.B.  (sections  9  and  10). 
They  may  also  make  official  representations  to  the 
District  Council  under  the  Allotments  Acts ;  or  to 
the  M.O.H.  as  to  unhealthy  dwellings  or  obstruc- 
tive buildings  under  the  Housing  of  the  Working 
Classes  Act  {see  p.  522  et  seq.) ;  or  to  the  L.G.B. 
with  a  view  to  the  grant  of  urban  powers  for 
their  parish  or  any  pai't  of  it.  The  District  Council 
may  delegate  to  them  any  powers  which  under  the 
Public  Health  Acts  could  be  delegated  to  a  parochial 
committee  (page  504).  Apart  from  expenditure  under 
adoptive  Acts,  the  Parish  Council  must  not  incur 
expenses  involving  more  than  a  6d.  rate  in  any  year, 
nor  more  than  a  3d.  rate  without  the  consent  of  the 
parish  meeting.  They  may  raise  money  on  loan,  but 
only  with  the  approval  of  the  parish  meeting,  the 
County  Council,  and  the  Ii.G-tB. 

Rural  District  Councils,  notwithstanding  the 
limited  initiative  possessed  by  the  Parish  Council, 
are  the  respon,sible  executive  sanitary  authority, 
and  must  carry  out  all  necessary  works,  giving 
notice  to  the  Parish  Council.  The  L.G.B.  may  by 
General  Order  confer  upon  Rural  District  Councils 

•  II* 
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sticli  urban  powers  as  they  think  fit ;  this  is 
in  addition  to  their  right  under  the  Public  Health 
Act  of  1875  (see  page  505)  to  grant  urban  powers  foi- 
particular  areas,  which  right  may  under  the  1894  Act 
be  exercised  by  the  Board  on  the  application  of  the 
County  or  Parish  Council  concerned. 

Urban  District  Councils  are  the  S.A.  for  urban 
districts.  Boroughs  have  their  "corporation"  or 
"town  council/'  but  are  included  in  the  term 
"  county  district,"  which  comprises  all  urban  and 
rural  districts. 

All  District  Councils  have  the  charge  of  highways. 
Among  other  powers  given  to  them  are  the  administra- 
tion of  the  Acts  relating  to  petroleum  and  infant  life 
protection,  and  the  licensing  of  knackers'  yards.  A 
District  or  Parish  Council  may  delegate  their  powers 
to  a  committee  of  their  number,  or  to  a  joint  com- 
mittee representing  other  councils  also. 

County  Councils  obtain  under  the  1894  Act 
certain  powers  of  supervision  and  control,  specified  in 
the  foregoing  summary. 

Hoiisiug^  of  the  Working  Classes  Act,  1§S5. 
— Every  S.A.  must  exercise  powers  with  which  they 
are  invested,  to  secure  the  proper  sanitary  condition 
of  all  premises  within  their  area  (s.  7). 

A  tent,  van,  shed,  or  similar  structure,  used  for 
human  habitation,  which  is  in  such  a  state  as  to  be 
a  nviisance  or  injurious  to  health,  or  which  is  so  over- 
crowded as  to  be  injurious  to  the  health  of  the  inmates, 
whether  or  not  members  of  the  same  family,  shall  be 
deemed  to  be  a  nuisance  within  the  meaning  of  s. 
91  of  the  Public  Health  Act,  1875,  and  the  provisions 
of  that  Act  shall  apply  accoi-dingly  (s.  9).  A  S.A. 
.may  make  by elaws  in  regard  to  su  ch  habitation  s.  Power 
of  entry  between  6  a.m.  and  9  p.m.  is  given  to  any 
person  duly  authorised  by  the  S.A.  or  by  a  justice  of 
the  peace,  if  such  person  has  reasonable  cause  to 
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i  suspect  any  contravention  of  this  Act  or  of  any  bye- 
l  ^laws  made  under.it,  or*  that  there  is  in  such  habitation 
j  any  person  suffering  from  any  dangerous  infectious 
i  disease  (s.  9). 

Housing'  of  the  Working-   Classes  Act, 

I  §90. — Part  I.  deals  with  unhealthy  areas,  and  is 
;i|)plicable  in  urban  districts  only.  It  is  the 
duty  of  the  M.O.H.  to  make  an  official  repre- 
sentation to  the  S.A.,  whenever  he  sees  cause 
to  do  so,  that  within  a  certain  area  either  {a) 
any  houses  or  courts  are  unfit  for  habitation,  or 
;/;)  the  bad  arrangement  or  condition  of  the  streets 
ov  houses,  or  thei  want  of  light,  ventilation,  or  proper 
conveniences,  or  any  other  sanitary  defects,  are  dan- 
gerous to  the  health  of  the  inhabitants,  and  that  the 

vils  cannot  be  effectually  remedied  otherwise  than  by 
rearrangement  and  reconstruction  of  some  or  all  of 
the  streets  or  houses.  The  S.A.  must  consider  this 
representation,  and  if  satisfied  of  the  truth  thereof, 
and  of  the  sufficiency  of  their  resources,  must  declare 
the  area  to  be  an  unhealthy  area,  and  frame  an  im- 
provement scheme.  The  scheme  may  exclude  any 
[uirt  of  the  area,  or  include  any  neighbouring  lands. 

I I  must  provide  for  proper  sanitary  arrangements,  and 
may  provide  for  widening  the  approaches,  or  other- 
wise opening  out  the  area.  Due  publicity  having 
been  given  to  the  scheme  in  a  specified  manner,  appli- 
cation is  to  be  made  to  the  *' confirming  authority  " 
for  a  provisional  Order.  The  Confirming  Authority 
(the  L.G.B.),  if  it  approves  the  scheme,  directs  a  local 

:  inquiry  to  be  held  respecting  the  correctness  of  the 
official  representation  and  the  sufficiency  of  the 
scheme.  The  provisional  Ordei',  if  granted,  is  subject 
to  confirmation  by  Parliament.  It  may  modify  the 
scheme,  and  must  determine  the  extent  of  the  pro- 
vision to  be  made  for  the  working  classes  displaced. 
In  London,  accommodation  must  be  provided  in  or 
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near  the  area  for  the  whole  number  displaced,  unless 
the  Order  decrees  otherwise ;  under  certain  conditions 
the  Oi"der  may  accept  in  substitution  equally  con- 
venient accommodation  not  in  or  near  the  area,  and 
may  dispense  with  the  obligation  to  any  extent  not 
exceeding  one  half.  Outside  the  metropolis  sucli 
provision  is  only  compulsory  if  (and  to  the  extent) 
prescribed  by  the  Order.  In  assessing  the  value  of 
property,  no  additional  allowance  for  compulsory  pur- 
chase is  to  be  made  in  regard  to  any  unhealthy 
portion  of  the  area ;  and  evidence  may  be  given 
showing  that  any  premises  are  (1)  unfit  for  habitation, 
and  cannot  reasonably  be  made  fit ;  or  (2)  in  bad 
repair,  or  in  an  insanitary  condition  ;  or  (3)  that  the 
rental  is  enhanced  by  reason  of  overcrowding  or 
use  for  illegal  purposes.  In  the  first  case  the  com- 
pensation is  to  be  based  iipon  the  value  of  the  land 
and  building  materials  only ;  in  the  second,  upon  the 
value  after  allowing  for  the  cost  of  necessary  repairs  ; 
in  the  third,  upon  the  value  apart  from  such  illegal 
use.  After  the  provisional  Order  has  been  confirmed 
by  Parliament,  it  becomes  "the  Confirming  Act," 
and  is  executed  by  the  local  authority  who  take  steps 
to  receive  and  adjudicate  upon  claims,  if  necessary 
submitting  them  to  arbitration. 

Upon  complaint  by  two  J  ustices,  or  twelve  rate- 
payers, the  M.O.H.  must  inspect  and  report  upon 
any  area.  If  he  fails  to  do  so,  or  reports  that  it  is 
not  an  unhealthy  area,  such  ratepayers  may  appeal  to 
the  Confirming  Authority,  who  may  then  appoint  a 
medical  practitioner  to  inspect  the  area.  If  the  latter 
reports  that  it  is  an  unhealthy  area,  the  S.A.  aro 
required  to  prepare  an  improvement  scheme.  In  any 
case,  if  the  S.A.  refuse  or  fail  to  prepare  a  scheme 
upon  receipt  of  an  oflicial  representation,  they  must 
report  the  facts  to  the  Confirming  Authoiity,  who  may 
then  order  a  local  inquiry  to  be  held. 
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Part  II,  applies  to  rural  as  well  as  urban  districts, 
;ii\d  relates  to  unhealthy  or  obstructive  dwellings.  It 
IS  the  duty  of  the  M.O.H.  to  represent  to  the  S.A. 
any  dwelling  which  appears  to  him  to  be  in  a  state 
dangerous  to  health  so  as  to  be  unfit  for  huuian 
habitation ;  but  the  S.A.  are  also  required  to  cause 
inspections  of  their  district  to  be  made  from  time  to 
time  for  the  same  purpose.  If  satisfied  that  any 
dwelling  is  unfit  for  habitation,  the  S.A.  must  first 
take  proceedings  against  the  owner  for  the  closure 
of  the  house,  as  directed  by  the  Public  Health  Act, 
1875.  {See  pp.  496-7.)  If  the  closing  order  of  the 
court  is  not  terminated  by  a  further  order,  the  S.A. 
may  proceed  to  make  an  order  for  the  demolition  of 
the  premises ;  but  before  doing  so  must  afford  the 
owner  an  opportunity  of  stating  his  objections.  There 
is  an  appeal  to  Quarter  Sessions.  Upon  written  com- 
plaint from  four  or  more  householders  that  any 
tlwelling  is  unfit  for  habitation,  the  M.O.H.  must 
iiispect  such  house,  and  report  to  the  S.A.  If  the 
S.A.  (not  being  a  rural  S.A.,  or  in  the  county  of 
Ijondon)  fail  to  take  action  within  three  months,  the 
complainants  may  appeal  to  the  L.G.B.,  who  may, 
after  local  inquiry,  order  the  S.A.  to  proceed. 

Obstructive  Buildings. — If  the  SlI.O.H.  finds  that 
any  building — though  not  in  itself  unfit  for  habitation 
—by  its  proximity  to  other  buildings,  either  (a) 
stops  ventilation,  or  otherwise  conduces  to  make 
them  imfit  for  habitation,  or  (6)  prevents  the  proper 
remedy  of  any  nuisance  or  other  evils  in  respect  of 
such  other  buildings,  he  must  make  a  representation 
to  the  S.A.,  stating  that  in  his  opinion  the  obstructive 
building  should  be  pulled  down.  A  similar  repre- 
sentation may  be  made  by  any  four  or  more  inhabitant 
householders.  In  either  case  the  S.A.  must  make 
inquiry  as  to  the  facts,  and  as  to  the  cost  of  acquiring 
the  land  and  pulling  down  the  building.     If  they 
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decide  to  proceed,  the  S.A.  can  make  an  order  for  the 
demolition  of  the  building,  after  giving  the  owner  an 
opportunity  of  stating  his  objections,  and  subject  to 
appeal  to  Quarter  Sessions.  The  compensation  to  be 
paid  by  the  S.A.  to  the  owner,  and  also  the  amount 
recoverable  by  the  S.A.  from  the  owners  of  the 
houses  benefited  by  the  demolition,  are  settled  b} 
arbitration  in  case  of  dispute. 

The  S.A.  may  prepare  a  scheme  for  dedicating  as 
a  highway  or  open  space,  or  appropriating  or  exchang- 
ing for  the  erection  of  woi'king-class  dwellings,  the 
site  of  any  building  ordered  to  be  demolished  under 
Part  II.,  if  it  appears  to  them  that  it  would  benefit 
the  health  of  the  inhabitants  of  the  adjoining  houses. 
They  may  also  prepare  an  improvement  scheme  for 
any  unhealthy  area  too  small  to  be  dealt  with  under 
Part  I.  Such  schemes  require  confirmation  by  pro- 
visional Oi'der  of  the  L.G.B.  after  a  local  inquiiy,  and 
with  oi'  without  modification.  The  Order  may  require 
provision  to  be  made  for  the  accommodation  of 
persons  of  the  working  classes  displaced.  When  an 
official  representation  has  been  made  under  Part  II., 
or  a  closing  order  obtained,  a  rural  S.A.  must  forward 
a  copy  to  the  County  Council,  and  report  from  time 
to  time  all  further  proceedings.  If  it  appears  to  the 
County  Council  that  a  closing  order  should  be  applied 
for,  or  an  order  for  demolition  made,  and  if  the  S.A., 
after  due  notice  from  the  County  Council,  fails  to  adopt 
such  measures,  the  Council  may  by  resolution  take 
over  and  exercise  the  powers  of  the  S.A.  in  respect  of 
such  buildings,  recovering  the  expenses  from  the  S.A. 
Except  in  boroughs,  a  representation  by  the  county 
M.O.H.,  if  forwarded  by  the  County  Council  to  any 
S.A.,  has,  for  the  purposes  of  Part  II.,  the  same 
effect  as  if  made  by  the  M.O.H.  of  the  district. 

In  the  county  of  London,  Part  I.  is  entrusted  to 
the  County  Council,  and  Part  II.  primarily  to  the 
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3orough  Councils.  In  the  event  of  doubt,  the 
Home  Secretary  has  to  decide  under  which  part  of 
lie  Act  a  given  area  shall  be  dealt  with.  But  the 
ounty  Council  may  prepare  schemes  under  Part  II. 
f  they  think  fit,  and  may  apply  to  the  Home  Secretary 
o  order  a  contribution  from  the  District  Authority, 
vs  ho,  in  like  manner,  if  they  proceed,  may  apply  for  a 
•ontribution  from  the  County  Council. 

Part  III.  authorises  the  S.A.  to  provide  lodging- 
liouses  for  the  working  classes,  subject  to  the  sanction 
of  the  L.G.B.  as  regards  urban  authorities,  and  ot 
the  County  Council  in  rural  districts  ;  and  to  make 
Ijyelaws  respecting  such  houses.  For  the  administra- 
tion of  this  part  of  the  Act  it  is  necessary  for  the  S.A. 
' ' )  adopt  it. 

The  administration  of  Parts  I.,  II.,  and  III.  in  the 
ilistrict  of  the  City  of  London  is  vested  in  the  Com- 
missioners, and  the  County  Council  have  no  juris- 
iliction  in  this  area. 

Part  IV.  contains  supplemental  provisions,  of 
^ which  the  following  is  important  : — "In  any  contract 
imade  after  August  14th,  1885,  for  letting  for  habita- 
1  tion  by  persons  of  the  working  classes  a  house  or  part 
1  of  a  house,  there  shall  be  implied  a  condition  that  the 
!  house  is  at  the  commencement  of  the  holding  in  all 
)  respects  reasonably  fit  for  human  habitation." 

Housings  of  the  Working:  Classes  Act,  1900. 

—This  Act  amends  Part  III.  of  the  Act  of  1890.  It  allows 
any  Urhan  S.A.  which  has  adopted  Part  III.  to  establish  or 
acquire  lodging-houses  for  the  working  classes  outside  their 
district;  and  any  Rural  S.A.,  with  the  consent  of  the  County 
Council,  to  adopt  Part  III.  either  for  the  whole  or  part  of  their 
district.  In  giving  or  withholding  consent  the  County  Council 
shall  have  regard  to  the  area  proposed,  to  the  necessity  for 
accommodation  for  the  housing  of  the  working  classes  in  that 
area  ;  to  the  probability  of  such  accommodation  being  provided 
without  the  adoption  of  the  said  Part ;  and  to  the  liability 
which  will  be  incurred  by  the  rates,  and  to  the  question 
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whether  it  is,  in  all  the  circumstances,  prudent  to  adopt  the 
said  Part, 

An  Urban  S.A.,  with  the  consent  oE  the  L.G.B.,  and  a 
Hural  S.A.  with  the  consent  of  the  County  Council,  may  lease 
any  land  acquired  by  them  under  and  for  the  purposes  of  Part 
III.  to  any  lessee  for  the  purpose  and  under  the  condition  that 
the  lessee  will  carry  the  Act  into  execution  by  building  and 
maintaining-  on  the  land  lodging-houses  within  the  meaning 
of  the  Act. 

Section  6  defines  the  powers  of  the  County  Council  to  act  in 
default  of  a  Rural  Council. 

Compensation  questions  which  may  arise  shall  in  default  of 
agreement  be  determined  by  a  single  arbitrator  to  be  appointed 
and  removable  by  the  Ij.G.B. 

The  Housing  of  the  Working^  Classes  Act, 
1903,  extends  the  maximum  period  for  the  repayment  of 
loans  raised  for  the  purposes  of  these  Acts  to  80  years  (from  60), 
leaving  the  actual  period  for  repayment,  subject  to  this  limita- 
tion, to  be  determined  with  the  sanction  of  the  L.G-.B. 

The  Board  propose  as  a  general  rule  to  allow  the  full  term 
of  80  years  for  the  repayment  of  loans  for  the  purchase  of 
freehold  land,  and  60  years  for  the  repayment  of  loans  for  the 
erection  of  buildings,  where  the  circumstances  are  such  that 
this  may  properly  be  done. 

The  powers  given  to  the  Board  to  direct  a  local  inquiry  to 
be  held,  and  a  report  made  to  them  as  to  the  correctness  of  the 
official  representation  (when  the  S.A.  has  taken  no  action) 
are  supplemented  by  s.  4  (1)  of  the  1903  Act.  If,  on  repoi-t 
made  to  them  after  inquiry,  they  are  satisfied  that  a  scheme 
ought  to  have  been  made  for  the  improvement  of  the  area  to 
which  the  inquiry  relates,  or  some  part  thereof,  they  can  order 
the  S.A.  to  make  such  a  scheme  (under  either  Part  I.,  or 
Part  II.) 

The  Order  of  the  Board  is  enforceable  by  mandamus. 

Section  4  (2)  provides  that  any  12  or  more  ratepayers  of  the 
district  shall  have  the  same  right  of  appeal,  under  s.  16  of  the 
1890  Act,  as  is  given  to  the  12  or  more  ratepayers  who  have 
made  complaint  to  the  M.O.H.  mentioned  in  that  section. 

The  advertisements  of  an  improvement  scheme  under  Part 
I.  may  be  published  for  three  consecutive  weeks  at  any  period  of 
the  year,  and  the  prescribed  notices  may  be  served  during  the 
30  days  next  following  the  date  of  the  last  publication  of  the 
advertisement. 

Section  8  concerns  procedure  for  obtaining  closing  orders  in 
regard  to  insanitary  houses. — Where  a  S.A.  desires  to  olitaina 
closing  Order  it  was  necessary  under  s.  32  of  the  1890  Act,  first 
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}}  give  notice  to  the  owner  or  occupier  of  the  house  to  abate  the 
uuisanco.  S.  8,  1903,  dispenses  with  this  notice  as  regards  any 
wwelling-house  which,  in  the  opinion  of  the  S.A.,  is  either 
ff)  not  reasonably  capable  of  being  made  fit  for  human  habita- 
oon,  or  {b)  is  in  such  a  state  that  its  occupation  should  be 
aamediately  discontinued. 

A  more  speedy  and  efficacious  way  of  obtaining  possession 
ff  a  house  in  respect  of  which  a  closing  Order  has  been  made 
laan  that  proAdded  by  s.  32  (3)  of  the  1890  Act  is  afforded  by 
10,  1903.  Whatever  the  value  or  rent  of  the  house,  the  S.A. 
may  proceed  either  under  Sections  138  to  145  of  the  County 
courts  Act,  1888,  or  under  the  Small  Tenements  Recovery 
...ct,  1838.  The  expenses  of  these  proceedings  can  be  recovered 
r<-om  the  owner  under  the  Summary  Jurisdiction  Acts. 

S.  11  (1)  empowers  the  S.A.,  if  they  provide  lodging 
t  ouses  under  Part  III.,  or  if  they  supply  accommodation  under 
lae  Housing  Acts  or  under  any  scheme  made  in  pursuance  of 
i«iese  Acts,  to  provide  and  maintain,  in  connection  therewith, 
my  building  adapted  for  use  as  a  shop,  any  recreation  grounds, 
rr  other  buildings  or  land  which,  in  the  opinion  of  the  Board, 
i  ill  serve  a  beneficial  purpose  in  connection  with  the  requiro- 
itients  of  the  persons  for  whom  the  lodging-houses  or  dwelling 
C'icommodation  are  provided.  The  consent  of  the  Board  is 
wquired  to  the  exercise  of  these  powers,  and  they  may  require 
aatutory  provisions  of  control. 

Service  of  notices. — The  service  of  notices'  and  other  docu- 
it'.ents  is  facilitated  by  s.  13. 

Sale  of  Food  and  Drug^s  Act,  1875. — This 
L(wCt  defines  "  food  "  as  including  every  article  used 
vy  man  for  food  or  drink,  except  water  and  drugs ; 
[■ad  "  drugs  "  as  including  medicine  for  external  as 
cell  as  internal  use  (s.  2).  "  No  person  shall  mix, 
)olour,  stain,  or  powder  (or  order  or  permit  any  other 
person  to  mix,  colour,  stain,  or  powder)  any  article  of 
»ood  with  any  ingredient  or  material  so  as  to  render 
liie  article  injurious  to  health,  with  intent  that  the 
lame  may  be  sold  in  that  state ;  and  no  person  shall 
1^1  any  article  so  mixed,  coloured,  stained,  or 
»owdered  .  .  .  (s.  3).  "  No  person  shall, 
except  for  the  purpose  of  compounding,  .  .  .  . 
aix,  colour,  stain,  or  powder  (or  permit  any  other 
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person  to  mix,  colour,  stain,  or  powder)  any  drug  with 
any  ingredient  or  material  so  as  to  affect  injuriously 
the  quality  or  potency  of  such  drug,  with  intent  that 
the  same  may  be  sold  in  that  state  ;  and  no  person 
shall  sell  any  drug — so  mixed,  coloured,  stained,  or 
powdered  .  .  ."  (s.  4).  The  penalty  for  such  in- 
jurious admixture  is  a  fine  not  exceeding  £50  for  a 
first  offence  ;  subsequent  offences  are  misdemeanours, 
punishable  by  imprisonment  with  hard  labour  for  a 
period  not  exceeding  six  months.  No  liability  is, 
however,  incuri-ed  if  the  accused  person  can  show 
that  he  was  unaware  of  the  admixture,  and  could  not, 
with  reasonable  diligence,  have  ascertained  it  (s.  5). 

"No  person  shall  sell,  to  the  prejudice  of  the 
purchaser  any  article  of  food  or  any  drug  which 
is  not  of  the  nature,  substance,  and  quality  of  the 
article  demanded  by  such  purchaser,  under  a  penalty 
not  exceeding  £20 ;  but  no  offence  shall  be  deemed 
to  be  committed  under  this  section  in  the  following 
cases: — (1)  Where  any  matter  or  ingredient  not 
injurious  to  health  has  been  added  to  the  food  or 
drug  because  the  same  is  required  for  the  production 
or  preparation  thereof  as  an  article  of  commerce 
in  a  state  fit  for  carriage  or  consumption,  and  not 
fraudulently  to  increase  the  bulk,  weight,  or  measure 
of  the  food  or  drug,  or  conceal  the  inferior  quality 
thereof ;  (2)  where  the  drug  or  food  is  a  proprietary 
medicine,  or  is  the  subject  of  a  patent  in  force,  and 
is  supplied  in  the  state  required  by  the  specification  of 
the  patent (3)  where  the  food  or  drug  is  compounded 
....  [and  the  provisions  of  the  seventh  and  eighth 
sections  are  observed]  ;  (4)  where  the  food  or  drug  is 
unavoidably  mixed  with  some  extraneous  matter  in 
the  process  of  collection  or  preparation  "  (s.  6).  As 
regards  these  exemptions,  the  onus  frohandi  rests 
with  the  defendant  (s.  24).  No  person  shall  sell  any 
compound,  drug,  or  article  of  food  which  is  not  com- 
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osed  of  ingredients  in  accordance  with  the  demand 
i  the  purchaser,  under  a  penalty  not  exceeding  .£20 

7) ;  but  no  offence  under  this  section  is  committed 
i  respect  of  the  sale  of  a  drug  or  article  of  food 
lixed  with  an  ingredient  not  injurious  to  health,  if  it 
;  labelled  as  "  mixed  "  at  the  time  of  sale  (s.  8). 

"  No  person  shall  (with  the  intent  that  the  same 
lay  be  sold  in  its  altered  state  without  notice) 
l)stract  from  an  article  of  food  any  part  of  it,  so 

to  affect  injuriously  its  quality,  substance,  or 
ature ;  and  no  person  shall  sell  any  article  so  altered 
ithout  making  disclosure  of  the  alteration,  under  a 
t  nalty  not  exceeding  .£20 "  (s.  9).  In  any  prose- 
ation  under  this  Act,  the  defendant  is  to  be  dis- 
liarged  if  he  proves  to  the  satisfaction  of  the  Court 
1)  that  he  bought  the  article  as  being  the  same  in 
iture,  substance,  and  quality  with  that  demanded  by 
e  purchaser,  and  with  a  written  warranty  to  that 
tl'ect ;  (6)  that  at  the  time  of  sale  he  had  no  reason 
)  believe  it  to  be  otherwise ;  and  (c)  that  he  sold  it 

I  the  same  state  as  when  he  purchased  it  (s.  25). 

In  every  district  a  competent  person  may  be  (and, 
required  by  the  L.G.B.^  must  be)  appointed  as 
'ublic  Analyst*  (s.  10) ;  and  any  person  shall  be 

II  titled  to  have  any  drug  or  article  of  food  purchased 
V  him  in  such  district  analysed  by  the  public  analyst 
11  payment  of  a  sum  not  exceeding  10s.  6d,,  and  to 
I  ceive  from  him  a  certificate  of  the  result  of  the 
iialysis  (s.  12).  The  M.O.H.,  inspector,  or  constable, 
liarged  by  the  S.A.  with  the  execution  of  the  Act, 
'i;iy  procure  samples  of  food  and  drugs,  and  submit 
iiem  to  the  public  analyst  (s.  13).  Any  person 
mrchasing  an  article  for  analysis  shall,  upon  the 

The  appointment  is  made  by  the  Town  Council  of  any  horougli 
iiig  a  separate  Court  of  Quarter  Sessions,  or  a  separate  police  establish- 

iil.  The  County  Council  appoints  the  Public  Analyst  for  all  parts  of 
county  not  included  in  the  above.     All  appointments  and  re-appoint- 

iita  are  subject  to  the  approval  of  the  L.Gr.B. 
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corapletiou  of  the  purchase,  forthwith  notify  to  the 
seller  his  intention  to  have  it  analysed  by  the  public 
analyst ;  and  shall  otfer  to  divide  it  into  three  parts, 
to  be  then  and  there  separated,  and  each  part  to  be 
marked  and  sealed  or  fastened  up,  and  shall,  if  re- 
quired to  do  so,  proceed  accordingly,  and  shall  deUver 
one  of  the  parts  to  the  seller.  He  shall  retain  one  of 
the  three  parts  for  future  comparison,  and  deliver  the 
third  to  the  public  analyst  (s.  14).  If  the  seller  do 
not  accept  the  ofiier  of  division,  the  analyst  must 
divide  the  article  into  two  parts,  and  seal  up  and 
deliver  one  of  them  to  the  purchaser  (s.  15).  Samples 
may  be  sent  to  the  analyst  by  registered  parcel  post, 
if  his  residence  is  two  miles  from  that  of  the  pur- 
chaser (s.  16).  Any  person  refusing  to  sell  to  an 
officer  of  the  S.A.  any  article  of  food  or  drug  on  sale 
by  retail,  the  price  being  tendered,  and  the  quantity 
demanded  not  being  greater  than  is  reasonably 
requisite,  is  liable  to  a  penalty  not  exceeding  £10 
(s.  17).  The  certificate  of  the  analyst  must  be  in  a 
prescribed  form  (s.  18),  and  is  sufficient  evidence  of 
the  facts  therein  stated,  unless  the  defendant  I'equires 
the  analyst  to  be  called  as  a  witness  (s.  21).  The 
Justices  before  whom  a  case  is  heard  may,  at  the 
request  of  either  party,  cause  any  article  of  food  or 
drug  to  be  sent  to  the  Commissioners  of  Inland 
Revenue  for  analysis  at  the  Government  Laboratory 
(s.  22). 

Sale  of  Food  and  Drugs  Act  Ameiidineiit 
Act,  18'3'9. — This  amending  Act  was  passed  in  order 
to  settle  certain  points  upon  which  the  1875  Act  was 
found  to  be  insufficiently  explicit. 

It  shall  be  no  defence  to  allege  that  the  purchaser 
is  not  prejudiced  by  the  sale  of  adulterated  articles, 
on  the  ground  that  he  bought  it  for  analysis  only  ;  or 
to  allege  that  the  article  in  question,  though  defective 
in  nature,  or  substance,  or  quality,  was  not  defective 
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u  all  three  respects"  (s.  2).  "The  M.O.H.,  in- 
M>ector,  or  constable  charged  with  the  execution  of 
lie  Act,  may  procure,  at  the  place  of  delivery,  a 
ample  of  milk  in  course  of  delivery  to  the  purchaser 

consignee,  in  pursuance  of  any  contract  ;  and  may 
nibmit  the  sample  to  the  Public  Analyst "  (s.  3). 
'  The  seller,  or  his  representative,  if  he  refuses  to 
illow  a  sufficient  sample  to  be  taken,  is  liable  to  a 
onalty  not  exceeding  ,£10"  (s.  4).  "As  regards 
spirits  not  adulterated  otherwise  than  by  admixture 
if  water,  it  is  a  good  defence  to  prove  that  the  ad- 
uixture  has  not  reduced  the  spii-it  more  than  25 
legrees  under  proof  for  brandy,  whisky,  or  rum  ;  or  35 
legrees  under  proof  for  gin  "  (s.  6). 

Sale  of  Food  ami  Drugs  Act,  1§99,  provides 
hat  articles  imported  into  the  United  Kingdom, 
uch  as  margarine,  margarine  cheese,  impoverished 
:»r  adulterated  milk,  condensed,  separated,  or  skimmed 
nilk,  or  any  other  article  hereafter  added  by  Order 
n  Council,  shall  be  conspicuously  marked  with  name 
md  description  (s.  1)  ;  the  L.G.B.  and  the  Board  of 
Vgriculture  may  procure  samples  for  analysis  if  it  is 
Inemed  desirable  in  the  general  interest  of  the  con- 
sumer, and  the  results  of  the  analysis  shall  be  com- 
iiunicated  to  the  S.A.,  who  shall  pay  the  analj^st's 
fees  (s.  2).  Under  s.  3  similar  power  is  given  to  these 
lioards  to  act  in  default  of  the  S.A.  The  Board  of 
Agriculture  may  make  regulations  for  determining 
what  deficiency  in  any  normal  constituents,  or 
idulterations,  shall  i^aise  a  presumption  that  milk, 
•ream,  butter  and  cheese  is  not  genuine  (s.  4).  The 
Margarine  Act,  1887,  is  extended  to  apply  to  "  mar- 
garine cheese,"  which  must  be  clearly  marked  on  the 
package  in  black  letters  not  less  than  half  an  inch 
long.  Every  maker  of  margarine  and  margarine 
I'heese  shall  keep  a  register  as  to  quantity  and  des- 
tination of  his  consignments,  and  he  shall  submit  to 
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inspection  (s.  7).  The  fat  of  margarine  must  not 
contain  more  than  10  per  cent,  of  butter  fat  (s.  8), 
and  condensed  milk  of  all  kinds  may  only  be  sold 
when  clearly  described  on  the  label.  A  person  selling 
milk  on  any  highway  must  have  conspicuously  marked 
on  the  vehicle  his  name  and  address. 

Penalties  for  wilful  obstruction  of  oflS.cers  in  the 
course  of  their  duties  in  food  sampling  and  for  offences 
under  the  Acts  are,  for  the  first  offence,  sums  not 
exceeding  ,£20,  and  for  subsequent  offences,  £50  -and 
,£100  ;  but  proceedings  may  not  be  instituted  after 
the  expiration  of  28  days  from  the  time  of  purchase, 
A  warranty  is  not  available  as  a  defence  unless  a 
copy  has  been  sent  to  the  purchaser  within  seven 
days  of  service  of  the  summons,  with  a  written  notice 
stating  that  reliance  will  be  placed  on  it,  and  specify- 
ing the  name  and  address  of  the  warrantor. 

These  Acts  are  directed  not  only  against  fraudulent  dilu- 
tion, abstraction  and  substitution,  but  also  against  injury  to 
health,  and  the  sampling  and  analysis  should  be  guided  by  con- 
sideration of  both  points.  In  the  case  of  beer  the  risk  of  lead 
contamination  from  pewter  pipes  has  long  been  known,  but  that 
of  arsenic  was  overlooked  until  1900. 

The  Margarine  Act,  18§7,  defines  "butter "as 
made  exclusively  from  milk,  or  cream,  or  both,  with 
or  without  salt  or  other  preservative,  or  added  colour- 
ing matter.  "  Margarine  "  includes  all  substances, 
whether  compounds  or  otherwise,  prepared  in  imita- 
tion of  butter,  whether  mixed  with  butter  or  not  (s.  3). 
Every  package  of  mai-garine  must  be  so  marked,  in 
capital  letters  not  less  than  |  inch  square,  and  in 
shops,  by  labels  with  capital  letters  not  less  than 
1^  in.  square).  All  margarine  factories  must  be 
registered  with  the  Authority  appointing  the  Public 
Analyst  of  the  district  (s.  9).  Officers  authorise!  1 
under  the  Sale  of  Pood  and  Drugs  Acts  may  tak> 
samples  of  butter  (or  substances  purporting  to  1" 
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j  jutter  which  are  exposed  for  sale  and  not  marked  as 
)'  nargarine)  without  going  through  the  form  of  purchase 
ji.  -equired  by  that  Act,  but  otherwise  complying  with  its 
j  I  provisions  as  to  dealing  with  the  samples  (s.  10).  Any 
j-iuch  substance  not  being  marked  as  margarine  is  to 
1  je  presumed  to  be  exposed  for  sale  as  butter.  The 
rendor  is  absolved  if  he  proves  that  he  bought  the  article 
Nwith  a  written  warranty,  and  sold  it,  in  the  same  state 
i  IS  when  bought,  believing  it  to  be  butter.    The  penalty 
t  or  a  first  ofl:ence  is  a  fine  not  exceeding  .£20. 

The   Butter   and  Margarine  Act,  1907, 

-  lubstitutes  for  the  definition  of  margarine  in  the  Act 
iibove  mentioned  the  following  words:  "Margarine 

-  ihall  mean  any  article  of  food,  whether  mixed  with 
1  )utter  or  not,  which  resembles  butter  and  is  not 

nilk-blended  butter."     This  Act  also  gives  powers 
'  )f  inspection  to  the  Board  of  Agriculture,  the  L.G.B. 
und   the  S.A.  over  all  processes  of  manufacture, 
t  )lending,  re-working,  or  treatment  of  butter  and 
~  amilar  substances,  and  a  limit  is  laid  down  by  which 
a  lot  more  than  16  per  cent,  of  moisture  is  permitted 
1  u  butter  and  margarine,  and  not  more  than  24  per 
;ent.  in  milk-blended  butter.     Nor  may  such  goods 
)e  imported.    New  powers  are  also  given  as  to  the 
)roportion  of  milk  solids  in  butter,  as  to  the  making 
if  regulations  by  the  L.G.B.  for  prohibiting  the  use 
)f  preservatives   in   butter,  margarine,  and  milk- 
)lended  butter,  and  as  to  labelling  these  several 
irticles. 

Sale  of  Horiseflcsli,  etc.,  Reg^ulation  Act, 

— The  fle.sh  of  horses,  asses,  or  mules  must  not  be  sold 
ir  kept  for  sale  for  human  food,  except  in  a  shop  or  stall  over 
ir  upon  which  is  placed  conspicuously,  in  legible  characters 
I'ur  inches  long^,  an  announcement  that  horseflesh  is  sold  there, 
f  otherwise,  the  M.O.H,  or  inspector  may  seize  the  meat 
md  carry  it  before  a  magistrate,  who  may  order  as  to  its 
lisposal  as  he  thinks  fit ;  and  the  offender  is  liable  to  penalty. 

\  I'hose  conditions  apply  to  such  flesh  cooked  or  uncooked,  and 
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alone  or  mixed  with  other  substances.  It  is  illegal  to  supplj- 
horseflesh  for  human  food  to  a  purchaser  asking  for  other  meat, 
or  for  a  compounded  article  not  usually  made  of  horseflesh. 

The  Rivers  Pollution  Prevention  An, 
1§76,  deals  separately  with  (a)  solid  matters,  (6) 
sewage,  (c)  trade  effluents,  and  {d)  mining  effluents. 

{a)  No  solid  refuse  of  any  kind  must  be  put  into 
any  stream,  so  as  to  interfere  with  its  due  flow  or  to 
pollute  its  waters  (s.  2).* 

(6)  No  solid  or  liquid  sewage  matter  must  Ije 
passed  into  any  stream  ;  but  as  regards  conditions  in 
existence  prior  to  1876  no  offence  is  committed  undi  1 
this  Act  if  it  is  shown  that  the  best  practicable  and 
available  means  are  being  used  to  render  harmless  the 
sewage  entering  the  stream  (s.  3). 

(c)  No  poisonous,  noxious,  or  polluting  liquid  from 
any  factory  or  manufacturing  process  must  be  passed 
into  any  stream.  The  saving  clause  as  to  conditions 
existent  prior  to  1876  is  repeated  here  (s.  4). 

{<£)  No  solid  matter  from  mines  must  be  put  into 
any  stream  so  as  prejudicially  to  affect  its  flow ;  nor 
must  any  poisonous,  noxious,  or  polluting  solid  or 
liquid  matter  from  mines  be  passed  into  any  stream, 
other  than  water  in  the  same  condition  in  which  it 
has  been  raised  or  drained  from  such  mine  (s.  5). 

Proceedings  may  be  instituted,  in  respect  of  pollu- 
tion of  streams  by  sewage  or  solid  matters,  by  any] 
private  person  or  S.A.  aggrieved  (s.  8) ;  but  in 
respect  of  manufacturing  or  mining  effluents  S.A.'s 
only  can  take  action,  and  subject  to  the  approval  of 
the  Ii.G.B.  The  Board,  in  giving  or  withholding 
consent,  shall  have  regard  to  the  industrial  interests 
involved,  and  the  circumstances  and  requirements 
of  the  locality.  They  shall  not  give  their  con- 
sent to  proceedings  by  the  S.A.  of  a  district  which 
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the  seat  of  any  manufacturing  industry,  unless 
iK^y  are  satisfied,  after  due  inquiry,  that  means  for 
udering  harmless  the  effluents  from  such  manufac- 
1  l  ing  processes  are  reasonably  practical  and  avail- 
l)le,  and  that  no  material  injury  to  the  interests  of 
iicli  industry  will  be  caused  by  the  proceedings  (s. 
).  Any  person  interested  may  call  the  attention  of 
lit^  S.A.  to  pollution  by  manufacturing  or  mining 
itluents,  and,  if  the  S.A.  refuse  to  move,  may  appeal 
)  the  L.G.B.,  and  the  Board  may,  after  due  inquiry, 
irect  the  Authority  to  take  proceedings  (s.  6). 

The  S.A.  must  afford  facilities  for  admitting  trade 
fHuents  into  sewers,  unless  they  would  prejudicially 
tlect  the  sewers  or  interfere  with  the  disposal  of  the 
wage,  or  be  injurious  in  a  sanitary  point  of  view, 
)m  their  temperature  or  otherwise;  or  unless  the 
wers  are  only  large  enough  for  the  ordinary  require- 
'  'nts  of  the  district  (s.  7). 
[S,  14  of  the  Local  Government  Act,  1888,  confers 

I  )on  County  Councils  the  powers  of  S.  A.'s  under  the 
livers  Pollution  Prevention  Act;  and  enables  the 

Lj.G.B.  to  form  a  joint  committee  representing  all  the 
'Irainistrative  counties  through  or  by  which  a  river, 
r  any  specified  portion  of  a  river,  or  any  tributary 
licveof  passes,  and  to  confer  upon  the  joint  committee 

II  or  any  of  the  powers  of  a  S.A.  under  the  Act.] 
The    Royal    Commission  on    Sewage  Disposal 

•  commended  in  1903  the  formation  of  River  Boards 
lii  oughout  tlie  country  composed  of  joint  committees 
•i  County  Councils    for   the  purpose  of  properly 
iiforcing  the  R.P.P,  Act.    Such  Boai'ds  have  the 
1  vantage    of  jurisdiction   over   the   whole   of  a 
iiiiinage  area  and  are  sufficiently  large  to  secure 
appointment   of   skilled   officers.     Some  have 
xtended  powers  under  special  Acts.    Many  methods 
'  now  available  for  the  treatment  of  sewage  at 
moderate  cost,  in  such  manner  as  to  deprive  it  of  most, 
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if  not  all,  of  its  impurities,  leaving  an  effluent  which 
may  be  passed  into  streams  without  material  ill  effect. 
As  to  trade  pollutions,  until  recently  comparatively 
little  had  been  done.  The  difficulties,  both  legal 
and  sanitary,  are  far  greater  than  in  respect  of 
domestic  or  town  sewage.  Now,  howevei',  the  treat- 
ment of  sewage  mixed  with  trade  effluents  is  being 
practically  dealt  with  and  presents  less  difficulty  where 
manufacturers  adopt  reasonable  means  for  removing 
the  solids,  equalising  the  discharge,  and,  when  neces- 
sary, neutralising  the  trade  effluent. 

A  short  explanatory  Act  (R.P.P.  Act,  1893),  re- 
moves a  technical  difficulty  liable  to  be  raised  by  S,A.'s 
seeking  to  evade  their  responsibilities  under  s.  3. 

Canal  Boats  Act,  1§ 7 Y.— The  term  "canal" 
includes  all  navigable  watei's,  tidal  or  otherwise,  within 
the  body  of  a  county,  and  the  term  "canal  boat" 
includes  every  vessel,  however  propelled,  used  for 
conveyance  of  goods  along  such  waters,  but  does 
not  include  a  ship  registered  under  the  Merchant 
Shipping  Act,  unless  the  L.G.B.  orders  otherwise. 
No  canal  boat  must  be  occupied  as  a  dwelling  unless 
it  is  registei'ed  under  tliis  Act,  and  then  only  by 
the  number  of  persons  of  the  age  and  sex  for  whicli 
it  is  registered  (s.  1).  The  registration  authority 
must  be  a  S.A.  whose  district  abuts  on  the  canal  on 
which  the  boat  is  intended  to  ply ;  and  the  boat  must 
be  registered  as  belonging  to  some  place  which  is 
within  the  said  district,  and  which  is  also  within 
a  school  district  (s.  7).  Upon  registration  two 
certificates  must  be  given  to  the  owner,  identifying  the 
owner  and  the  boat,  and  stating  the  place  to  which  it 
belongs,  and  the  number,  age,  and  sex  of  persons 
allowed  to  dwell  in  the  boat.  The  master  of  the  boat 
must  carry  one  of  these  certificates.  Every  registered 
boat  must  have  conspicuously  painted  upon  it  the 
registered  number,  the  place  to  which  it  belongs,  am! 


nap.xviir.]    Canal  Boats  Act,  1877. 


539 


i  lie  word  *^  registered "  (s.  3).  If  any  person  on 
canal  boat  is  siiflfering  from  an  infectious  disease,  the 
5.'. A.  of  the  place  where  the  boat  is  shall  adopt  such 
Krecautions  as  appear  necessary,  upon  the  certificate 
rf  the  M.O.H.  or  other  legally  qualified  practitioner ; 
i:nd  may  remove  such  sick  person  and  exercise  the 
•tther  powers  conferred  by  the  Public  Health  Act  in 
>i  lis  respect;  and  may  detain  the  boat  as  long  as 
^;  necessary  for  cleansing  and  disinfecting  (s,  4). 
tf  any  person  duly  authorised  by  the  S.A.  has  reason 
vo  suspect  any  contravention  of  the  Act,  or  that  a 
^  erson  on  board  is  suffering  from  an  infectious  disease, 
)'  e  may  enter  the  boat  for  the  purpose  of  inspection 
vetween  6  a.m.  and  9  p.m.,  and  may  require  the  master 
;tf  the  boat  to  afford  him  facilities  for  so  doing,  and  to 
»!  reduce  the  certificate  of  registry  of  the  boat  (s.  5). 

The  second  section  directs  the  Ii.G.B.  to  make 
|t  egulations  (i.)  for  the  registration  of  canal  boats ; 
Mi.)  for  lettering,  markmg,  and  numbering  such 
x  oats;  (iii.)  for  fixing  the  number,  age,  and  sex  of 
9<  ersons  who  may  be  allowed  to  dwell  in  a  canal  boat, 
1.  aving  regard  to  the  cubic  space,  ventilation,  separa- 
!i  ion  of  the  sexes,  general  healthiness,  and  convenience 
»!f  accommodation;  (iv,)  for  promoting  cleanliness  and 
<;  abitable  condition  of  such  boats;  and  (v.)  for  pre- 
l '  enting  the  spi'ead  of  infectious  disease  by  canal  boats. 

■  iSuch  regulations  were  accordingly  issued  "by  the  L.  G-.B. 
n  1878,  and  the  following  is  a  summary  of  their  principal 

i  anitary  provisions  : — 

There  must  be  at  least  one  dry,  clean,  weatherproof 
cabin,  in  good  repair.  An  after -cabin  intended  to  be  used 
as  a  dwelling  must  contain  not  less  than  180  cubic  feet  of 
free  air  space,  and  a  fore-cabin  80  cubic  feet ;  every  such 
cabin  must  have  means  of  ventilation  besides  the  door, 

■  and  must  be  so  constructed  as  to  provide  adequate  sleeping 
'       accommodation.     One  cabin  must  contain  a  stove  and 

chimney.  The  boat  must  be  furnished  with  suitable 
'       storage  for  three  gallons  of  water.     If  intended  to  be 
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ordinarily  used,  for  foul  cargoes,  the  hold  must  be  separ- 
ated from  any  inhabited  cabin  by  a  double  bulkhead  witli 
an  interspace  of  four  inches,  and  the  bulkhead  next  Hi. 
cargo  must  be  water-tight.  Not  less  than  60  cubic  feet  i  ; 
air  space  must  be  allowed  for  each  person  over  twelve 
j-ears  of  age,  and  not  less  than  40  cubic  feet  for  each 
person  under  that  age.  In  "  fly-boats  "  worked  by  shift  , 
a  cabin  occupied  at  the  same  time  by  two  persons  muhi 
have  a  capacity  of  180  cubic  feet.  A  cabin  in  which  a 
man-ied  couple  sleep  must  not  be  occupied  at  the  sann- 
time  by  any  other  male  above  14,  or  female  above  \i 
years  of  age.  Males  above  14  and  females  above  12 
years  of  age  must  not  occupy  the  same  sleeping  cabin  at 
the  same  time,  but  reservation'is  made  for  married  coupk>, 
and  also  (under  certain  conditions)  in  respect  of  boats  con- 
structed prior  to  1878.  The  interior  of  the  cabin  must  be 
repainted  every  three  years,  and  must  be  kept  clean. 
Bilge  water  must  be  pumped  out  daily.  The  master  of 
the  boat  must  at  once  notify  the  occurrence  of  any  case  of 
infectious  disease  on  the  boat  to  the  S.A.  of  the  district 
through  which  the  boat  may  be  passing,  and  also  to  the 
S.A.  of  the  place  of  destination;  he  must  also  inform 
the  owner,  who  is  required  to  notify  to  the  S.A,  of 
the  place  to  which  the  boat  belongs.  If  the  boat  is 
detained  by  the  S.A.  for  purposes  of  disinfection,  the 
S.A.  must  obtain  a  medical  certificate  that  the  boat  has 
been  cleansed  and  disinfected,  and  must  give  it  to  the 
master. 

The  Canal  Boats  Act,  18§4,  amends  the  1877 
Act  in  certain  details,  and  makes  it  incumbent  upon 
every  S.A.  through  whose  districts  any  canal  passes  to 
enforce  the  provisions  of  the  Act  and  Regulations,  and 
to  make  an  annual  report  upon  the  subject  to  the 
L-G-B."^  The  Board  is  reqiiired  to  make  inquiries 
from  time  to  time  (by  an  inspector  or  inspectors 
specially  appointed  for  the  purpose)  as  to  the  working 
of  the  Acts  and  Regulations,  and  to  report  annually 
thereon  to  Parliament. 

*  This  report  lias  to  be  drawn  up  in  prescribed  form  and  must  include- 
particulars  as  to  registration,  notification  of  cbange  of  master,  ceititicate, 
marking  of  boat,  overcrowding,  separation  of  sexes,  eleanlincss,  ventila- 
tion, painting,  jnwisiou  of  water  eiisk.  removal  of  bilge  water,  notification 
of  infectious  disease,  and  admittance  of  inspector. 


.ip.  XVIII.] 


The  Dairy  Order. 


541 


The  Dairies,  Cowsheds,  and  Milkshops 
>rder  of  1885  was  made  by  the  Privy  Council 
MLcler  s.  34  of  the  Contagious  Diseases  (Animals)  Act 
)f  1878.    An  amending  Act   (CD. A.  Act,  1886) 
lansferred  to  the  L.G.B.  the  powers  of  the  Privy 
'ouncil  under  this  section,  and  the  D.C.  and  M.  Amend- 
iig  Order,  1886,  substituted  the  Board  for  the  Privy 
ouncil  and  remedied  certain  omissions  in  regard  to 
nalties,  giving  the  Order  the  force  of  law.  The 
>.C.  and  M.  Order  of  1899  amended  the  previous 
>rders  by  including  tuberculosis  among  the  infective 
liseases  on  the  occurrence  of  which  milk  should  not 
sold  under  s.  15.    The  effect  of  the  three  Orders 
-  to  throw  upon  every  S.A.  the  duty  of  supervising 
he  milk  trade  in  their  district,  and  of  carrying  out 
■I'tain  general  regulations  prescribed  by  the  Orders. 
These  duties  are  common  to  all  districts  alike,  but  any 
i3.A.  may  arm  itself  with  further  powers  by  making 
1  Regulations  under  s.  13,  having  the  force  of  byelaws. 
The  chief  provisions  of  the  Orders  are  summarised 
■low  : — 

Section  6.  (1)  It  shall  not  be  lawful  for  any  person 
o  carry  on  .  .  .  the  trade  of  cowkeeper,  dairyman, 
11-  purveyor  of  milk  unless  he  is  registered  as  below. 
2)  Every  S.A.  shall  keep  a  register  of  such  persons, 
ind  shall  from  time  to  time  revise  and  correct  the 
I'gister.     (3)   The   S.A.  shall  register  every  such 
person,    but    registration  shall  not  be  deemed  to 
tuthorise   sucli   person    to    occupy  as  a  dairy  or 
<  owshed   any  particular  building,  or  preclude  pro- 
' codings.     (4)  The  S.A.  shall  from  time  to  time 
uive  public  notice    of  registration  being  required, 
ind  of  the  mode  of  registration.    (5)  A  person  who 
'  arries  on  the  trade  of  cowkeeper  or  dairyjnan  for 
'  he  purpose  only  of  making  and  selling  butter  or 
'  lieese,  or  both,  and  who  is  not  also  a  purveyor  of  milk, 
need  not  be  registered.     (6)  A  person  who  sells  milk 
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of  his  own  cows  in  small  quantities  to  his  workmen 
or  neighbours  for  their  accommodation  need  not,  by 
reason  thereof,  be  registered. 

Section  7.  (1)  It  shall  not  be  lawful  to  begin  to 
occupy  as  a  dairy  or  cowslied  any  building  not  so  oc- 
cupied at  the  commencement  of  this  Order  until  pro- 
vision is  made,  to  the  reasonable  satisfaction  of  the  S.A., 
for  the  lighting  and  ventilation,  including  air-space, 
and  the  cleansing,  drainage,  and  water-supply ;  or  (2) 
without  first  giving  one  month's  notice  in  writing  to 
the  S.A. 

Section  8.  It  shall  not  be  lawful  to  occupy  as  a  dairy 
or  cowshed  any  building — whether  so  occupied  at  the 
commencement  of  this  Order  or  not — if  ....  the 
lighting  and  ventilation,  including  aii'-space,  and  the 
cleansing,  drainage,  and  water-supply  thereof,  are  not 
such  as  are  necessaiy  or  proper  (a)  for  the  health  and 
good  condition  of  the  cattle  therein ;  (6)  for  the 
cleanliness  of  milk- vessels  used  therein  for  containing 
milk  for  sale ;  and  (c)  for  the  protection  of  the  milk 
therein  against  infection  or  contamination. 

Section  9.  It  shall  not  be  lawful  for  any  .  .  .  . 
cowkeeper,  or  dairyman,  or  purveyor  of  milk,  or 
occupier  of  a  milkshop  (a)  to  allow  any  pei'son  suffer- 
ing from  a  dangerous  infectious  disorder,  or  having 
recently  been  in  contact  with  a  person  so  suffering,  to 
milk  cows  or  to  handle  vessels  used  for  containing 
milk  for  sale,  or  in  any  way  to  take  part  or  assist  in 
the  conduct  of  the  trade  ....  so  far  as  i-egards  the 
production,  distribution,  or  storage  of  milk  ;  or  (h)  if 
himself  so  suffering,  or  having  recently  been  in  contact 
as  aforesaid,  to  milk  cows  or  handle  vessels  containmg 
milk  for  sale,  or  in  any  way  to  take  part  in  the 
conduct  of  his  trade  as  far  as  regards  the  produc- 
tion, distribution,  or  storage  of  milk ;  until,  in  each 
case,  all  danger  therefrom  of  the  communication  of  in- 
fection to  the  milk  or  of  its  contamination  has  ceased. 
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j  Section  10.  It  shall  not  be  lawful  for  any  .... 
[  .vkeeper,  dairyman,  or  purveyor  of  milk,  or  ...  . 
i  :upier  of  a  milk  store  or  milkshop,  after  the  receipt 
I  notice  of  not  less  than  one  month  from  the  Local 
j :  athority  calling  attention  to  the  provisions  of  this 
t  -tide,  to  permit  any  water-closet,  earth-closet,  privy, 
1>  iSpool,  or  urinal  to  he  within,  communicate  directly 
i  •  th,  or  ventilate  into,  any  dairy  or  any  room  used  as 
I  uilk  store  or  milkshop. 

i  Section  11.  It  shall  not  be  lawful  for  any  .  .  .  . 
I  ivkeeper,  or  dairyman,  or  purveyor  of  milk,  or 
t  ^upier  of  a  milk  store  or  milkshop,  to  use  a  milk 
j  )re  or  milkshop  in  his  occupation,  or  permit  the 
j  ue  to  be  used,  as  a  sleeping  apartment,  or  for  any 
rpose  incompatible  with  the  proper  preservation  of 
3  cleanliness  of  the  milk  store  or  milkshop,  and 
i  the  milk-vessels  and  milk  therein,  or  in  any 
j  ^  inner  likely  to  cause  contamination  of  the  milk 
[  jrein. 

[  Section  12.  It  shall  not  be  lawful  for  any  .  .  .  . 
I '  .vkeeper,  or  dairyman,  or  purveyor  of  milk  to  keep 
;  y  swine  in  any  ....  building  used  by  him  for 
I  3ping  cows,  or  in  any  milk  store  or  other  place  used 
I  him  for  keeping  milk  for  sale. 

1    Section  13.  Any  StA.  may   make  regulations. 
'  for  the  inspection  of  cattle  in  dairies ;  (6)  for 
■scribing   and   regulating  the    lighting,  ventila- 
n,*  cleansing,  drainage,  and  water  supply,  of  dairies 
d  cowsheds  .  .  .       (c)  for  securing  the  cleanliness 
milk  stores,  milkshops,  and  milk-vessels  used  for 
j  itaining  milk  for  sale ;  and  {d)  for  prescribing  preeau- 
j  ns  to  be  taken  by  purveyors  of  milk,  and  persons 
{  ling  milk  by  retail,  against  infection  or  contamin- 
j  on. 

! 

•  Where  a  ininiinmn  culnc  space  is  specified  for  cowsheds  in  such 
(Illations,  the  L.G.B.  have  suggested  800  cubic  feet  per  liead,  but  in 
ii.v  districts  a  lower  standard  has  been  adopted. 
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Section  14.  The  following  provisions  shall  apply  Uj 
regulations  made  by  any  S.A.  under  this  Order : — 

(1)  Every  regulation  shall  be  published  by  advertise- 
meut   in.   a  newspaper  circulating  in  the  district. 

(2)  The  S.A.  shall  send  to  the  L.G.B.  a  copy 
of  every  regulation  at  least  a  month  before  the  dat* 
of  operation.  (3)  The  L.G.B.  may  at  any  time  revob 
any  regulation  if  satisfied  on  inquiry  that  it  is  too 
restrictive  or  otherwise  objectionable. 

Section  15.  The  milk  of  a  cow  suffering  fronj 
cattle-plague,  pleuro-pneumonia.,  or  foot-and-moutli 
disease  (a)  shall  not  be  mixed  with  other  milk ; 
(b)  shall  not  be  sold  or  used  for  human  food  ;  and  (c; 
shall  not  be  sold  or  used  for  food  of  animals,  imless 
it  has  been  boiled.  Tuberculosis  is  now  included  in 
this  section  under  the  D.C.  and  M.O.  of  1899. 

The  following  Model  Regulations  under  section  13  of 
the  Order  have  been  drawn  up  by  the  L.G-.B.  for  Dairipp. 
Cowsheds  and  Milkshops. 

Interpretation. 

1.  The  expression  "cowshed"  includes  any  dairy,  in  which 
milking  cows  may  be  kept,  and  the  expression  "cowkeeper" 
means  any  person  following  the  trade  of  a  cowkeeper  or 
dairyman  required  to  be  registered  under  the  Order  of  1885. 

For  the  Inspection  of  Cattle  in  Dairies. 

2.  Every  occupier  of  a  dairj'  wherein  any  cattle  may  be 
kept,  and  which  the  M.O.H.,  or  the  Inspector  of  Nuisances, 
or  any  other  ofBcer  of  the  Council  specially  authorised  by 
them  in  that  behalf,  may  visit  for  the  purpose  of  inspectinir 
cattle,  and  every  person  for  the  time  being  having  the  care  or 
control  of  any  such  dairy,  or  of  any  cattle  therein,  shall  afforci 
such  officer  all  reasonable  assistance  that  may,  for  the  purposi 
of  the  inspection,  be  required  by  him. 

FOK  PRESCRIBING  AND  UEGULATING   THE    LIGHTING,  VeNTU.-^-i 

TioN,  Cleansing,  Drainage,  and  Water  Supi'ly  orj 
Cowsheds  and  Dairies.  | 

Part  I.  J 
The  regulations  in  this  Part  shall  apply  to  cowsheds  the  coivsfroHi 
which  arc  habitually  (jrazcd  on  grass  land  during  the  greaietk 
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I  part  of  the  year,  and  when  not  so  grazed  are  habitually  turned 
!  out  during  a  portion  of  each  day. 

j  3.  Lighting. — Every  cowkeeper  shall  provide  that  every 
I  wshed  in  his  occupation  shall  be  sufficiently  lighted  with 
i  ndows,  whether  in  the  sides  or  roof  thereof. 
J  -1.  Ventilation. — Every  cowkeeper  shall  cause  every  cow- 
I  A  in  his  occupation  to  be  sufficiently  ventilated,  and  for  this 
i  ipose  to  be  provided  with  a  sufficient  number  of  openings 
I  o  the  external  air  to  keep  the  air  in  the  cowshed  in  a  whole- 
I  ae  condition. 

1  5.  Cleansing. — (1)  Every  cowkeeper  shall  cause  every  part 
the  interior  of  every  cowshed  in  his  occupation  to  be 
)roughly  cleansed  from  time  to  time  as  often  as  may  be  so 
•essary  to  secure  that  such  cowshed  shall  be  at  all  times 

\  sonably  clean  and  sweet. 

j  (2)  Such  person  shall  cause  the  ceiling  or  interior  of  the 
I  (f  and  walls  of  every  cowshed  in  his  occupation  to  be 
I  )perly  limewashed  twice  at  least  in  every  year,  that  is  to  say, 
i  c  during  the  month  of  May  and  once  during  the  month  of 
i  tober,  and  at  such  other  times  as  may  be  necessary, 
j  Provided  that  this  requirement  shall  not  apply  to  any  part 
i-  such  ceiling,  roof,  or  walls  that  may  be  properly  painted,  or 
I  nished,  or  constructed  of  or  covered  with  any  material  such 
!  to  render  the  limewashing  unsuitable  or  inexpedient,  and 
I  t  may  be  otherwise  properly  cleansed. 

i  (3)  He  shall  cause  the  floor  of  every  such  cowshed  to  be 
j  roughly  swept,  and  all  dung  and  other  offensive  matter  to 
j  removed  from  such  cowshed  as  often  as  may  be  necessary, 
I  I  not  less  than  once  in  every  day. 

;   6.  Drainage. — (1)  Every  cowkeeper  shall  cause  the  drain- 
I     of  every  cowshed  in  his  occuj)ation  to  be  so  arranged 
I  t  all  liquid  matter  which  may  fall  or  be  cast  upon  the  floor 
!  y  be  conveyed  by  a  suitable  open  channel  to  a  drain  inlet 
late  in  the  open  air  at  proper  distance  from  any  door  or 
idow  of  such  cowshed,  or  to  some  other  suitable  place  of 
posal  which  is  so  situate. 

(2)  He  shaJl  not  cause  or  suffer  any  inlet  to  any  drain  of 

h  cowshed  to  be  within  such  cowshed. 
1  7,  Water  Supply. — (1)  Every  cowkeeper  shall  keep  in,  or 
!  onnection  with,  every  cowshed  in  his  occupation  a  supply 
!  water  suitable  and  sufficient  for  all  such  purposes  as  may 
I  rii  time  to  time  be  reasonably  necessary. 
!  (2)  He  shall  cause  any  receptacle  which  may  be  provided 
[  such  water  to  be  emptied  and  thoroughly  cleansed  from 
I  .0  to  time  as  often  as  may  be  necessary  to  prevent  the  pollu- 
;  S 
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tion  of  any  water  that  may  bo  stored  therein,  and  whore  such 
receptacle  is  used  for  the  storage  only  of  water  he  shall  cause 
it  to  bo  properly  covered  and  ventilated,  and  so  placed  as  to  be 
at  all  times  readily  accessible. 

Part  II. 

The  regulations  in  Fart  I.,  and  also  the  following  regulation, 
shall  apply  to  all  cowsheds  other  than  those  the  cows  from  which 
are  habitually  grazed  on  grass  land  during  the  greater  pari  of 
the  year,  and  when  not  so  grazed  are  habitually  turned  oiU 
during  a  portion  of  each  day. 

8.  A  cowkeeper  shall  not  cause  or  allow  any  cowshed  in 
his  occupation  to  be  occupied  by  a  larger  number  of  cows  than 
will  leave  not  less  than  eight  hundred  feet  of  air  space  for  tach 
cow. 

Provided  as  follows  : — 

.  («)  In  calculating  the  air  space  for  the  purposes  of  this 
regulation,  no  space  shall  be  reckoned  which  is  more 
than  sixteen  feet  above  the  floor ;  but  if  the  roof  or  ceiling 
is  inclined,  then  the  mean  height  of  the  same  above  the 
floor  may  be  taken  as  the  height  thereof  for  the  piu-poses  of 
this  regulation. 

(b)  This  regulation  shall  not  apply  to  any  cowshed  con- 
structed and  used  before  the  date  of  these  regulations 
coming  into  effect,  until  two  years  after  that  date. . 

Part  III. 

9.  In  this  Part  the  expression  "dairy"  means  a  dairy  in 
which  cattle  are  not  kept. 

10.  Lighting. — Every  cowkeeper  shall  provide  that  every 
dairy  in  his  occupation  shall  be  sufBciently  lighted  with 
windows,  whether  in  the  sides  or  roof  thereof. 

11.  Ventilation. — Every  cowkeeper  shall  cause  every  dairy 
in  his  occupation  to  be  sufficiently  ventikted,  and  for  this  pur- 
pose to  be  provided  with  a  sufficient  number  of  openings  into 
the  external  air  to  keejj  the  air  in  the  dairy  in  a  wholesome 
condition. 

12.  Cleansing. — (1)  Every  cowkeeper  shall  cause  every 
part  of  the  interior  of  every  dairy  in  his  occupation  to  be 
thoroughly  cleansed  from  time  to  time  as  often  as  may  be 
necessary  to  secure  that  such  dairy  shall  be  at  all  times  reason- 
ably clean  and  sweet. 

(2)  Ho  shall  cause  the  floor  of  every  such  dairy  to  he 
thoroughly  cleansed  with  water  at  least  once  in  every  day. 
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.  13.  Drainage. — (1)  Every  cowkeeper  shall  cause  the  di-ain- 
jge  of  every  dairy  in  his  occupation  to  be^o  arranged  that  all 
aquid  matter  which  may  fall  or  be  cast  upon  the  floor  may  be 
conveyed  by  a  suifcible  opening  channel  to  the  outside  of  such 
,iairy,  and  may  there  be  received  in  a  suitable  gully  communi- 
iating  with  a  proper  and  sufficient  drain. 

(2)  He  shall  not  cause  or  suffer  any  inlet  to  any  drain  of 
auch'dairy  to  be  within  such  dairy. 

14.  Water  Supply. — (1)  Every  cowkeeper  shall  cause  every 
iiairy  in  his  occupation  to  be  proAdded  with  an  adequate  supply 
ff  good  and  wholesome  water  for  the  cleansing  of  such  dairy 
nnd  of  any  vessels  that  may  be  used  therein  for  containing 
niilk,  and  for  all  other  reasonable  and  necessary  purposes  in 
oonnectiou  with  the  use  thereof. 

(2)  He  shall  cause  every  cistern  or  other  receptacle  in 
rhhich  any  such  water  may  be  stored  to  be  properly  covered  and 
eentilated,  and  so  placed  as  to  be  at  all  times  readily  accessible. 

(3)  He  shall  cause  every  such  cistern  or  receptacle  to  be 
nmptied  and  thoroughly  cleansed  from  time  to  time  as  often  as 
way  be  necessary  to  prevent  the  pollution  of  any  water  that 
i:iay  be  stored  therein. 

Foil  SECURING  THE  CLEANLINESS  OF  MiLK- STORES,  MlLK- 
SHOl'S,  AND  OF  MiLK-VESSELS. 

1.5.  Cleanliness  of  Milk-slores  and  31il1c-shops. — Every 
c>:cupier  of  a  milk-storc  or  milk-shop  shall  cause  every  part  of 
uae  interior  of  such  milk-store  or  milk-shop  to  be  thoroughly 
eeansed  from  time  to  time  as  often  as  may  be  necessary  to 
maintain  such  milk-store  or  milk-shoi)  in  a  thorough  state  of 
oeanliness. 

16.  Cleanliness  of  Milk-vessels.  —  (1)  Every  cowkeeper 
iai.all  from  time  to  time,  as  often  as  may  be  necessary,  cause 

,'ory  milk- vessel  that  may  be  used  by  him  for  containing 
i-ilk  for  .sale  to  be  thoroughly  cleansed  with  steam  or  clean 
nailing  water,  and  shaU  otherwise  take  all  proper  precautions 
nr  the  maintenance  of  such  milk- vessel  in  a  constant  state  of 
eseanliness. 

(2)  He  shall,  on  every  occasion  when  any  such  vessel 
nail  have  been  used  to  contain  milk,  or  shall  have  been 
titumed  to  him  after  having  been  out  of  his  possession,  cause 
ach  vessel  to  be  forthwith  so  cleansed. 

For  PRESCRIBING  Precautions  against  Infection 
OR  Conta-mination  of  Milk. 

17.  (1)  Every  purveyor  of  milk  or  i)cr8on  selling  milk  by 
totail  shall  take  all  reasonable  and  proper  precautions,  in  and 
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in  connection  with  the  storage  and  distribution  of  the  milk, 
and  otherwise,  to  prevent  the  exposure  of  the  milk  to  any 
infection  or  contamination. 

(2)  He  shall  nob  deposit  or  keep  any  millc  intended  for 
sale — 

(a)  in  any  room  or  place  where  it  would  be  liable  to 
become  infected  or  contaminated  by  impure  air.  or  b)'  any 
offensive,  noxious,  or  deleterious  gas  or  substance,  or  by 
any  noxious  or  injurious  emanation,  exhalation,  or 
effluvium;  or 

(J))  in  any  room  used  as  a  kitchen  or  as  a  living 
room;  or 

(c)  in  any  room  or  building,  or  part  of  a  building, 
communicating  directly  by  door,  window,  or  otherwise 
with  anj--  room  used  as  a  sleeping  room,  or  in  which  there 
may  be  any  person  suffering  from  any  infectious  or  con- 
tagious disease,  or  which  may  have  been  used  by  any 
erson  suffering  from  any  such^disease  and  may  not  have 
een  properly  disinfected ;  or 

{d)  in  any  room  or  building  or  part  of  a  building 
in  which  there  may  be  any  direct  inlet  to  any  drain. 

(3)  He  shall  not  keep  milk  for  Sitle,  or  cause  or  suffer  any 
such  milk  to  be  placed,  in  any  vessel,  receptacle,  or  utensil 
which  is  not  thoroughly  clean. 

(4)  He  shall  cause  every  vessel,  receptacle,  or  utensil  used 
by  him  for  containing  milk  for  sale  to  be  thoroughly  cleansed 
with  steam  or  clean  boiling  water  after  it  shall  have  been  used, 
and  to  be  maintained  in  a  constant  state  of  cleanliness. 

(5)  He  shall  not  cause  or  suffer  any  cow  belonging  to  him 
or  under  his  care  or  control  to  be  milked  for  the  pm-pose  of 
obtaining  milk  for  sale — 

(a)  unless,  at  the  time  of  milking,  the  udder  and  toats 
of  such  cow  are  thoroughly  clean  ;  and 

{b)  unless  the  hands  of  the  person  milking  such  cow, 
also,  are  thoroughly  clean  and  free  fx'om  all  infection  and 
contamination. 

Penalties. 

18.  Every  person  who  shall  offend  against  any  of  the 
foFegoing  regulations  shall  be  liable  for  every  such  offence  to 
a  penalty  not  exceeding  five  pounds,  and  in  the  case  of  a 
continuing  offence  to  a  further  penalty  not  exceeding  forty 
shillings  for  each  day  after  written  notice  of  Ihc  offence  from 
the  Council. 

Provided,  nevertheless,  that  the  Justices  or  Court  before 
whom  any  complaint  may  be  made  or  any  proceedings  may  b« 


! 

j 
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•ken  in  respect  of  any  such  offence  may,  if  they  think  fit, 
1  judge  the  payment  as  a  penalty  of  any  sum  less  than  the 
ill  amount  of  the  penalty  imj)osed  by  this  regulation. 

The  Public  Health  (I.oiidoii)  Act,  1§91, 

,  )rms  a  sanitary  code  for  London,  and  includes  (with 
lany  important  additions  and  amendments)  the  main 
rrovisions  of  the  Public  Health  Acts  and  the  Infectious 
i  »iseases  Notification  and  Prevention  Acts.  A  brief 
i;;  immary  of  the  principal  points  of  divergence  from 
I  le  Acts  named  above  is  appended. 

Water  swpjjly. — Absence  of  proper  water  supply, 
n  of  proper  fittings,  is  held  to  render  a  house  unfit  for 
habitation.  A  new  house  must  not  be  occupied  until 
1 16  S.A.  grant  a  certificate  that  it  has  a  proper  water 
1  ipply.  A  water  company  cutting  off"  the  supply  of 
ny  house  must  give  immediate  notice  to  the  S.A. 
Vor  closure  of  polluted  wells,  etc.,  the  S.A.  have  only 

0  satisfy  the  Court  that  the  w^ater  is  "  so  polluted,  or 

1  kely  to  be  so  polluted,  as  to  be  injurious  or  dangerous 
I)  health." 

Closets, — A  new  house  must  have  "  one  or  more 
i 'ater-closetS;  as  circumstances  may  requii'e,"  with 
1  roper  water  supply  and  trapped  soil-pan,  and  other 
''3cessories.    The  same  applies  to  all  houses,  irrespec- 
ve  of  date,  under  notice  from  the  S.A.  Substitution 

•  -  privies  or  earth-closets  is  only  permissible  if  the 
vailable  sewerage  or  water  supply  is  insufiicient  for 

•  water-closet.  Penalties  are  prescribed  for  {a)  wil- 
illy  injuring  any  drain  or  closet  or  water  supply  in 
^nnection  therewith ;    (6)  discontinuing  any  such 

ater  supply  without  lawful  authority  ;  and  (c)  so  con- 
tracting or  repairing  a  water-closet  or  drain  that  it  is 

nuisance  or  injurious  to  health. 

Scavenging. — The  S.A.  must  cleanse  streets,  foot- 
aths,  cesspits,  earth- closets,  privies,  and  cesspools, 
hey  must  remove  house-refuse  at  proper  intervals  ; 
nd  trade-refuse  also,  if  required  to  do  so,  on  payment. 


550     Hygiene  ANb  Public  Health.  [Chap.xvm. 


They  may  undertake  the  collection  of  manure  and 
other  refuse,  on  request ;  or  may,  by  order,  require 
periodical  removal  by  the  owner. 

Cellar  Dwellings. — No  underground  room  not  let 
or  occupied  separately  as  a  dwelling  before  January  1st, 
1892,  can  be  so  let  or  occupied,  unless 

{a)  Every  part  is  seven  feet  high,  and  at  least  three 
feet  above  the  level  of  the  adjoining  ground  ;  but  if 
the  outside  area  is  six  feet  wide,  or  if  its  width  is  not 
less  than  the  depth  of  the  floor  below  ground-level, 
then  only  one  foot  of  the  height  need  be  above  the 
grovmd-level. 

(I))  Every  wall  has  a  damp-course,  and  if  in  con- 
tact with  the  soil,  is  effectually  secured  from  damp 
from  the  soil. 

(c)  There  is  an  open  area  outside  along  the  whole 
frontage,  four  feet  wide  in  every  part,  and  six  inches 
below  the  flooi'-level.  It  may  be  crossed  by  i^teps,  but 
not  opposite  a  window. 

{<£)  The  area  and  the  soil  immediately  below  the 
room  are  effectually  drained. 

(e)  The  hollow  space  (if  any)  below  the  floor  is 
ventilated  to  the  outer  air, 

(/)  Any  drain  under  the  room  is  made  of  gas-tight 
pipe. 

{g)  The  room  is  effectually  secured  ^^tXI  11  st 
rising  of  any  effluvia  or  exhalation. 

(A)  There  is  proper  water-closet  and  ashpit  accom- 
modation. 

{%)  There  is  effectual  ventilation. 

(7)  There  is  a  fire-place,  with  chimney. 

Qt)  There  are  one  or  more  windows  opening  di  ; 
rectly  into  the  open  air ;  the  window-area  being  ati 
least  one-tenth  of  the  floor  area,  at  least  half  niado  ; 
open,  and  in  each  case  opening  to  the  top. 

The  same  conditions  apply  to  underground  room-^ 
occupied  separately  as  dwellings  before  January  Istll 
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^^yi ;  but  the  S.A.,  either  by  general  regulations 
upon  special  application  by  the  owner,  may  modify 
ly  conditions  newly  imposed  by  this  Act  which 
\  olve  structural  alteration  of  the  building. 

Keeping  of  animals. — Swine  must  not  be  kept 
ithin  forty  yards  of  a  street  or  public  place,  nor  be 
I  (3 wed  to  stray  in  any  public  place.  A  Court  may 
ohibit  the  keeping  of  any  animal  in  any  specified 
ice  shown  to  be  unfit  for  the  purpose. 

Offemive  trades. — None  of  the  following  must  be 
rablished  anew  in  London  : — Blood-boiling,  bone- 
>iUng,  manure  manufacture,    soap-boiling,  tallow- 
'  Iting,  or  knacker's  yard.    Nor  any  of  the  following, 
ithout  the  sanction  of  the  County  Council : — Fell- 
1  inger,  tripe-boiling,  slaughtering  of  cattle  or  horses, 
other  business  which  the  County  Council  may, 
ith  the  approval  of  the  L.G.B.,  add  to  the  list, 
lughter-houses  and  knackers'  yards  must  obtain 
ences,    issued   by   the    County   Council,  lasting 
)•   one   year   only,  but  renewable  at  the  discre- 
11  of  the  County  Council.    The  same  applies  to 
i^s'sheds. 

Notification  is   compulsory.    The    medical  cer- 
licate   must  state  the  patient's  full  name,  postal 
lilress,  age,  sex,  whether   attended  in  public  or 
ivate  practice  ;  if  in  hospital,  the  date  of  admission, 
<l  the  place  from  which,  brought.    The  M.O.H. 
1st,  within  twelve  hours  of  receipt,  send  a  copy 
the   certificate   to   the   Metropolitan  Asylums 
'lard,  and  another  to  the  head-teacher  of  the  schools 
f-nded  V)y  the  patient  or  by  other  inmates  of  the 
use.     The  Asylums  Board  must  furnish  to  the 
"unty  Council,  and  to  every  M.O.K,,  such  weekly 
urns  of  certificates  so  received  by  them  as  the 
"unty  Council  may  prescribe.    Any  S.A.  may,  with 
■  consent  of  the  L.G.B.,  add  other  dangerous  in- 
'ious  diseases  to  the  list,  temporarily  or  pemna- 
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nently,  and  the  County  Council  have  like  power  for 
the  county  as  a  whole. 

Isolation.— A.  person  who  knows  himself  to  be 
suffering  from  a  dangerous  infectious  disease  must  not 
milk  any  animal,  or  pick  fruit,  or  engage  in  any 
business  in  such  manner  as  to  be  likely  to  spread  the 
disease.  He  must  not  enter  any  public  conveyance,  nor 
must  any  other  person  place  him,  or  convey  him,  in  such. 

Disinfection. — Every  S.A,  must  provide  disinfect- 
ing apparatus. 

Mortuaries.  —  Every  S.A,  must  provide  a  mortu- 
ary; the  addition  of  a  room  for  post-mortems  is 
optional,  unless  ordered  by  the  County  Council.  The 
County  Council  may  provide  other  mortuaries  wherein 
bodies  may  be  kept  for  identification,  and  must  pro- 
vide proper  accommodation  for  inquests. 

Appointment  of  M.O.H.  must  not  be  for  a  limited 
period  only.  It  is  not  terminable  by  the  S.A.  without 
the  consent  of  the  L.G.B.  The  M.O.H.  mu.st  live  in 
his  district,  or  within  a  mile  of  the  boundary.  He 
must  be  qualified  as  stated  on  page  473. 

Sanitary  Inspectors  appointed  after  January  1st, 
1895  (if  they  have  not  held  office  as  sanitary  inspector 
during  three  consecutive  years  prior  to  that  date  in  a 
London  district  or  in  an  ui'ban  district  outside  London 
with  a  population  of  not  less  than  20,000)  must  hold  a 
certificate  of  competence  granted  after  examination  by 
such  body  as  the  Ii.G.B.  may  from  time  to  time 
approve.* 

Default  of  S.A. — In  the  event  of  default  of  the  S.A, 
with  respect  to  the  removal  of  any  nuisance,  the  insti- 
tution of  any  proceedings,  or  the  enforcement  of  any 
byelaAV,  the  County  Council  may  act  in  tlieir  stead, 
and  recover  the  expenses  from  the  S.A.  If  the  L.G.B. 
are  satisfied,  upon  complaint  from  the  County  Council 

*Such  oxainiimUons  nrn  now  coii<lucled  and  certificates  issued  by  the 
Sanitary  Inspectors'  Examination  Uoard. 
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Id  after  due  inquiry,  that  the  S.A.  have  made  default 
ccarrying  out  any  part  of  this  Act,  they  may  order 
'  ^  S.A.  to  perform  the  duty  within  a  Specified  time  ; 
Id  if  this  is  not  done,  the  order  may  be  enforced  by 
jindamiis,  or  the  L.G.B.  may  appoint  the  County 
uuncil  to  perform  such  duty,  at  the  cost  of  the  S.A, 
Byelaivs. — The  London  County  Council  must  make 
'felaws — 

(1)  As  to  the  time  and  manner  of  conveying  offen- 
t  e  matters  by  road  or  water, 

(2)  As  to  the  closure  and  filling  up  of  cesspools 
id  privies,  removal  and  disposal  of  refuse,  and  duties 
hhouseholders  in  facilitating  removal  of  house-refuse. 

(3)  As  to  water-closets,  earth-closets,  ashpits,  cess- 
Vols,  and  receptacles  for  dung,  and  the  proper  acces- 
vies  thereof  in  connection  with  new  or  old  buildings. 

They  may  also  make  byelaws  as  to  the  conduct  of 
•trtain  offensive  trades,  the  buildings  in  which  they 
■ }  carried  on,  and  the  mode  of  application  for  sanction, 
nese  trades  are  fell  monger,  tripe-boiler,  slaughterer 
e  cattle  or  horses  ;  but  other  businesses  may  be  aftei'- 
urds  added  to  the  list. 

Every  London  S.A^  must  make  and  enforce  bye- 
ws  relating  to  nuisances  and  keeping  of  animals, 
u  uses  let  in  lodgings,  and  also  the  following  : — 

(1)  For  the  prevention  of  nuisances  arising  from 
''ensive  matter  running  out  of  any  manufactory, 
ewery,  slaughter-house,  knacker's  yard,  butcher's  or 
iihinonger's  shop,  or  dunghill,  into  any  uncovered 
oice,  whether  enclosed  or  not. 

(2)  For  the  paving  of  yards  and  open  spaces  in 
unnection  with  dwellings. 

(3)  For  securing  cleanliness,  and  freedom  from 
lllution,  of  tanks,  cisterns,  and  other  receptacles 
[5  drinking-water. 

(4)  For  maintaining  the  efficiency  of  flush  for 
toter-closets. 

s* 
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Tiie  S.A.  may  also  make  byelaws  relating  to  sliip 
borne  infectious  cases,  public  conveniences,  niortiiarif^s, 
and  inhabited  tents  and  vans  (p.  678  et  seq.). 

The  L-oiidon  Building:  Act,  1^94,  is  a  coii 
solidation  Act  amending  various  enactments  relatini; 
to  streets  and  buildings  in  the  metropolis.  The  Act 
is  divided  into  an  introduction  and  fifteen  parts, 
dealing  with  the  formation  and  widening  of  streets, 
lines  of  building  frontage,  naming  and  numbering  of 
streets,  heights  and  construction  of  buildings,  tempo 
rary,  dangerous  and  neglected  structures,  sky-signs, 
and  a  number  of  similar  miscellaneous  matters.  Some 
duties  under  the  Act,  such,  for  instance,  as  respect 
wooden  structures,  and  in  relation  to  the  removal  of 
obstructions  ixi  streets,  are  to  be  exercised  by  the 
Borough  Councils  ;  otherwise  the  Act  is  administered 
by  the  London  County  Council. 

An  Amending  Act  was  passed  in  1898  dealing 
with  building  extensions,  fore-courts,  the  height  of 
working-class  dwellings,  etc. 

The  lofaiit  Life  Protection  Act,  1897. 
requires  that  persons  receiving  for  hire  infants  for 
the  purpose  of  maintenance  must  give  notice  to  the 
local  authority  (in  London  the  County  Council,  else- 
where: the  Board  of  Guardians,  except  in  Scotland, 
where  it  is  the  Parish  Council),  furnish  particulars,! 
and  submit  to  inspection  and  supervision.  The  locali 
authority  may,  by  order,  require  the  removal  of  suchi 
infant  to  a  workhouse  or  "place  of  safety,"  if  it  bej 
kept  in  premises  which  are  so  unfit  or  so  overcrowded! 
as  to  endanger  its  health,  or  if  it  be  kept  by  persons! 
unfit  to  care  for  it,  or  who,  by  negligence,  iguoran 
or  other  cause,  endanger  its  health. 

The   Cleansing^    of  Persons  Act,  189T 
gives  power  to  S.A.  to  provide  cleansing  faciliti 
free  of  charge  (not  i)o  be  considered  as  parochia 
relief  or  charity)  to  persons  infested  with  vermin 
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nn  practice  such  cleansing  includes  a  bath  and  disin- 
K3Ction  of  clothes. 

The  Public  Health  (Reg^iilatioiis  'as  to 
Vood  Act),  1907,  amends  the  Public  Health  Act  of 
>896  by  giving  power  to  the  Ii.G.B.  to  make  regula- 
(lons  authorising  measures  to  be  taken  for  the  preven- 
Lonof  danger  arising  to  public  health  from  the  impor- 
ifction,  preparation,  storage,  and  distribution  of  food 
rr  drink  (other  than  drugs  or  water)  intended  for  sale 
tor  human  consumption.  Such  regulations  have  to 
ee  published  and  may  provide  for  the  examination 
imd  taking  of  samples  of  any  articles  of  food. 

The  Notification  of  Births  Act,  1907,  is  an 
Idoptive  measure  passed  with  the  view  of  assisting 
ludirectly  in  the  reduction  of  infant  mortality.  It 
nrovides,  where  adopted,  for  notification  in  writing  to 
I'le  M.O.H.  within  thirty-six  hours  of  the  occurrence 
■fa  birth.    The  duty  falls  either  upon  the  father  of 
we  child  or  any  person  attending  the  mother  at  the 
ame  of  or  within  six  hours  of  the  birth.    The  S.  A.  is 
• )  supply  without  fee  stamped  forms  or  notification, 
eenalty  for  non-compliance  is  20s.    This  notification 
in  addition  to  and  not  in  substitution  of  ordinary 
rirth  registration.    A  certifiable  birth  is  defined  as 
a  any  child  which  has  issued  forth  from  its  mother 
t'ter  the  expiration  of  the  twenty-eighth  week  of 
'regnancy  whether  alive  or  dead."    The  Act  may  be 
iopted  by  a  resolution  of  the  S.A.  which  must 
^iceive  the  sanction  of  the  L.G.B.  and  be  advertised 
ithe  district.   Any  S.A.,  including  County  Councils 
ccept  the  County  of  London,  may  adopt  the  Act,  or 
le  L.G.fi.  may,  by  order,  declare  the  Act  in  force  in 
.'•ly  area  they  think  expedient. 

The    London   County  Council  (Cirenei-ai 
>owers  Act),  1907,  gives  power  to  the  L.C.C.  to 
!'ke  samples  of  milk  for  examination  for  the  presence 
tubercle  bacillus.    If  it  be  found, '  provision  is 
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made  for  inspection  of  cows,  and  cause  must  be 
shown  by  the  dairyman  why  the  sale  of  the  milk 
should  not  be  prohibited.  If  such  a  prohibition 
order  be  made  without  due  cause,  the  dairyman  is 
entitled  to  compensation.  Every  dairyman  selling 
milk  within  the  county  must  notify  the  presence  of 
tuberculosis  in  his  cows.  The  same  Act  provides  for 
the  examination  of  school  children  for  uncleanliness 
and  vermin,  and,  if  necessary,  compulsory  cleansing 
of  the  body  and  clothing.  The  same  powers  are 
given  for  cleansing  inmates  of  common  lodging- 
houses. 
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CHAPTER  XIX 

FACTORIES  AND  WORKSHOPS 

Incidental  reference  has  been  made  in  Chapters 
XVII.  and  XVIII.  to  the  powers  and  duties  of  the 
IS. A.  with   regard  to   industrial   premises.  Large 
1  additions  are  made  by  the  Factory  Acts,  and  in  stat- 
i  ing  these  it  will  be  convenient  to  refer  briefly  to  some 
'  of  the  leading  points  in  industrial  hygiene,  and  to 
indicate  generally   the    division    of  responsibility 
I  between  the  local  and  central  authorities. 

The  Factory  and  Workishop  Acts,  1901 
\ ;  and  1907,  which  apply  to  some  100,000  factories 
I  and  150,000  workshops,  giving  employment  to  about 
1  5,000,000  workpeople,  are  administered  chiefly  by 
j  H.M.  Inspectors  of  Factories,  but  also  in  important 
i  particulars  by  the  S.A.  The  latter  are  charged  with 
i  duties  as  to  (1)  sanitation  of  workshops  (and,  in 
ji  certain  particulars,  factories  also),  (2)  bakehouses,  (3) 
1  home-work,  and  (4)  means  of  escape  from  fire.  Many 
I  of  these  fall  to  the  M.O.H.,  upon  whom  are  placed 
I  further  duties  of  reporting. 

Factories  include  (1)  works  in  which  mechanical  power  is 
used  in  aid  of  a  manufactiu-ing  process,  or  in  quarries,  pit 
banks  of  metalliferous  mines,  dry  cleaning,  carpet-beating  or 
laundries  ;  and  (2)  the  following,  whether  power  be  used  or 
not : — print  works,  bleaching  and  dyeing  works,  earthenware  works, 
lucifer  match  works,  percussion-cap  works,  cartridge  works,  paper- 
staining  works,  fustian-cutting  works,  blast  furnaces,  copper  mills, 
iron  mills,  foundries,  metal  and  india-rubber  tvorks,  paper  mills, 
glass  works,  tobacco  factories,  letterpress  printing  works, 
book-binding  works,  flax  scutch  mills,  electrical  stations.  Those 
in  italics  are  technical  expressions,  defined  in  the  Act. 

A  tenement  factory  is  one  in  which  mechanical  power  is 
supplied  to  different  parts  of  the  same  building  occupied 
'      by  different  persons  for  the  purpose  of  any  manufacturing 
process  or  handicraft  in  such  manner  that  these  j^arts  con- 
stitute in  law  separate  factories. 
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Workshoiis  include  (1)  the  following,  unless  they  are  factories 
by  reason  of  use  of  mechanical  power  : — hat  works,  rope  works, 
bakehouses  ("  any  places  in  which  are  baked  bread,  biscuits,  or 
confectionery  from  the  baking  or  selling  of  which  a  profit  is 
derived "),  luce-war  chouses,  shijjliuildinff  yards,  quarries,  pit- 
banks  of  metalliferous  mines,  dry-cleaning  works,  carpet- 
beating  works,  bottle-washing  works,  and  laundries. 

(2)  Premises  (not  being  factories)  in  which  manual  labour 
is  exercised  by  way  of  trade  or  for  purposes  of  gain,  in  or 
incidental  to  the  making,  altering,  repairing,  ornamenting,  fin- 
ishing or  adapting  for  sale  of  any  article,  \f  the  employer  has 
the  right  of  access  or  control. 

(3)  Tenement  workshops  :  that  is,  workplaces  in  which,  "  with 
the  permission  of  or  under  agreement  with  the  owner  or  occupier, 
two  or  more  persons  carry  on  any  work  which  would  constitute 
the  workplace' a  workshop  if  the  persons  working  therein  were 
in  the  employment  of  the  owner  or  occupier." 

There  may  be  several  distinct  factories  or  workshops,  each 
comprising  one  or  more  rooms  in  different  occuijation,  in  the 
same  building,  which  may  also  be  used  for  dwelling,  or  other 
purposes. 

Domestic  factories  and  domestic  tvorkshops  are  those  carried 
on  in  private  houses  without  use  of  mechanical  power,  where 
the  only  persons  employed  are  members  of  the  same  family 
dwelling  there.  If  any  work  certified  by  the  Home  Secretary 
to  be  dangerous  is  carried  on  they  are  treated  as  ordinary  fac- 
tories and  workshops  :  otherwise  they  are,  so  far  as  sanitation 
is  concerned,  treated  as  ordinary  workshops,  except  that  the  re- 
quirements as  to.  general  ventilation  and  drainage  of  floors  do 
not  apply. 

The  following,  if  carried  on  under  conditions  which 
would  otherwise  make  the  premises  a  domestic  workaboi),  are 
exempted. 

(1)  Straw-plaiting,  pillow-lace  making,  glove-making. 

(2 )  Work  done  at  irregular  intervals  aiid  not  furnishing  thje 
principal  means  of  living  to  the  family. 

Men's  workshops  (those  in  which  only  males  over  18  are 
employed)  are  exempted  from  several  of  the  provisions  of  the 
Act,  including  those  relating  to  general  ventilation,  temperature, 
drainage  of  floors,  sanitarj'  accommodation,  lavatoi'ies,  fans  for 
removal  of  dust  or  funios,  and  means  of  escape  from  fire.  ;" 

Crown  factories  and  \yorkshop8  are  excluded  from  the  juris- 
diction of  the  S.A. 

Workplace  is  not  defined,  but  has  a  wider  meaning  than 
workshop,  and  has  been  held  to  include  any  place  where  people 
assemble  together  to  do  work  permanently :  e.y.  a  stable  and 
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j  tableyard  where  men  were  employed  as  cab-cleaners  and 
I  lorse- keepers. 

j      In  icorkshops  and  workplaces  the  S.A.  are  pri- 
I  aarily  responsible  for  enforcing  sanitary  requirements 
i. generally,  and  means  of  escape  from  fire;  and  their 
•flicers  have  the  same  powers  of  entry,  inspection,  and 
pgal  proceedings  as  Inspectors  of  Factories.  Certain 
■  anitary  requirements,  however,  more  particularly 
hose  relating  to  temperature,  fans  for  removal  6f  dust 
;  .nd  fumes,  and  those  arising  under  the  Factory  Act 
as  distinguished  from  the  powei-s  of  the  S.A.  under 
he  P.H.  Acts)  with  regard  to  sanitary  accommodation, 
-re  enforced  by  the  Factory  Inspectors.    The  S.Ay 
:  ire  required  to  keep  a  register  of  all  workshops  in 
heir  district.    If  the  M.O.H.  finds  any  woman,  young 
||  )erson,  or  cliild  employed  in  a  workshop  in  which  no 
ixbstract  of  the  Factory  Act  is  affixed,  he  is  required 

00  inform  the  Factory  Inspector.  The  occupier  of  a 
laew  factory  or  workshop  must  notify  the  Factory 
fiCnspector,  who,  in  the  case  of  a  workshop,  forwiards 
ilhe  notice  to  the  S.A.  ^''^ 

In  factories,  sanitation  generally  is  enforced  by 
l^he  Factory  Inspector,  not  by  the  S.A.,  but  the 
tatter  deal   with   means  of  escape  from   fire  (iri 

1  London  this  rests  with  the  County  Council),  and  sani- 
■ary  accommodation  (under  the  P.H.  Acts  only),  and 

!  lave  special  duties  in  connection  with  bakehouses  and 
i  lomestic  factories. 

If  any  act  or  default,  punishable  or  remediable  under  the 
P.H.  Acts  but  not  under  the  Factory  Act,  is  found  by  the 
Factory  Inspector  in  a  factory  or  workshop,  he  is  to  report  it 
^0  the  S.A.,  who  must  make  enquiry,  take  such  action  as 
ruay  seem  proper,  and  inform  the  Factory  Inspector  what 
tiHS  been  done.  If  proceedings  are  not  taken  by  the  S.A. 
within  a  month,  the  Factorj'  Inspector  may  institute  proceedings 
m  default,  and  recover  from  the  S.A.  any  expenses  not  re- 
-ovored  from  other  persons,  and  not  incurred  in  unsuccessful 
proceedings.     If  the  S.A.  fail  generally  to  carry  out  their 
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duties  with  regai'd  to  factories,  workshops  or  workplaces,  the 
Home  Secretary  may  authorise  the  Factory  Inspector  to  act 
in  default  for  a  specified  period,  and  the  expenses  not  recovered 
from  other  persons  may  be  recovered  from  the  S.A. 

The  M.O.H.  is  required  in  his  Annual  Report  to 
report  specifically  upon  the  administration  with  regard 
to  workshops  and  workplaces,  and  to  send  a  copy  to 
the  Home  Secretary,  A  table  issued  by  the  L.G.B. 
for  the  guidance  of  the  M.O-H.  includes  the  items 
calling  for  statistical  record. 

Outside  the  Factory  Act  (which  is  directed  to  the  protection 
of  the  workers) ,  the  S.A.  are  concerned  with  certain  factories 
and  workshops  on  public  health  grounds,  as  sources  of  smoke, 
poisonous  fumes,  trade  effluents ;  as  places  where  offensive 
trades  or  food  manufacture  needing  control  are  carried  on ;  as 
new  buildings  needing  approval  of  plans,  or  old  buildings  in  a 
dangerous  state  ;  or  more  indirectly  as  places  in  which  infection 
may  be  spread  from  one  person  to  another,  or  (as  in  laundries) 
infected  articles  may  be  handled. 

Nor  are  these  the  only  points  claiming  the  attention  of  archi- 
tects, builders,  and  S.  A.'s  in  connection  with  plans  for  new  fac- 
tories and  workshops.  Others  are  strength  of  foundations  and 
structure  generally  where  heavy  machinery  is  to  be  fixed ; 
means  of  escape  fi-om  fire ;  sanitary  accommodation.  Others, 
again,  are  the  statutory  requirements  as  to  air-space,  ventilation 
and  warming  ;  the  surfaces  of  walls  and  ceilings  must  be  such 
as  to  admit  of  due  cleansing,  and  the  proper  construction  of 
floors  (soundness,  impermeability,  slope,  drainage)  is  of 
importance  in  certain  processes.  In  certain  dangerous  trades 
additional  structural  requirements  arise,  and  in  some  the  plans 
have  also  to  be  approved  by  the  Chief  Inspector  of  Factories. 

Cleanliness. — Workshops  and  workplaces  must 
be  kept  in  a  cleanly  state  ;  and  a  workshop,  or  any 
specified  part  thereof  (in  London,  a  workplace  or 
domestic  factory  also),  must  be  limewashed,  cleansed,  or 
purified  when  so  required  by  notice  from  the  S.A.  on 
certificate  of  the  M.O.H.  or  Sanitary  Inspector  that 
it  is  necessary  for  the  health  of  the  workers. 

Factories  must  be  kept  in  a  cleanly  state  and  « 
(subject  to  certain  exceptions)  either  (a)  limewashed  5 
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eeveiy  14  months,  or  (6)  painted  with  oil  or  varnished 
eevery  7  years,  and  washed  with  soap  and  hot  water 
eevery  14  months. 

For  the  cleaning  of  floors,  etc.,  damp  processes  are 
{preferable,  as  checking  the  production  of  dust. 

Air- space. — Factories,  workshops  and  work- 
]  places  must  not  be  so  overcrowded  as  to  be  dangerous 
(or  injurious  to  the  health  of  the  workers,  and  there 
imust  be  at  least  250*  c.f.  of  air-space  for  each  worker. 
'The  air-space  of  each  workroom  must  be  stated  in  a 
i;  notice  affixed  in  the  works. 

A  much  larger  air-space  is  required  in  certain 
■  dangerous  trades,  and  in  works  where  certain  special  ex- 
'  ceptions  are  permitted — e.g.  in  match  factories  in  which 
yellow  phosphorus  is  used  the  minimum  is  400  c.f.,  and 
height  above  14  feet  is  not  counted,  and  in  engineering 
works  exemption  from  routine  annual  limewashing  is 
.  allowed  if  the  air-space  be  2,500  c.f.  per  head. 

Oeneral  ventilation  must  be  efficient  in 
'  every  workroom  of  a  factory  or  workshop  (other  than 
.  a  men's  workshop).  Standards!  of  ventilation  are 
,  prescribed  for  certain  workrooms.  A  departmental 
'  Committee  in  1902  recommended  a  general  limit  for 
workrooms  of  12  parts  of  COg  per  10,000. 

Air  samples  are  usually  taken  at  the  breathing  level,  at 
points  where  work  is  carried  on,  and  not  in  extreme  corners  or 
near  to  inlets  or  outlets,  or  close  to  persons  or  to  sources  of  COo. 
In  breweries,  aerated  water  factories,  bakehouses,  etc.,  where 
COo  is  given  off  by  trade  processes,  allowance  has  to  be  made ; 
and  similarly  where  artificial  lighting  yields  CO2.  As  a  rule 
it  is  well  to  make  a  parallel  determination  in  the  open  air. 

Mechanical  ventilation  by  fans  may  be  either  on  the  plenum 
or  vacuum  system.  The  number,  position,  dimensions  and 
speed  of  the  fans  are  matters  requiring  expert  knowledge  ;  as 

'  400  during  overtime  of  women,  500  in  underground  bakehouses,  400 
between  9  p.m.  and  C  a.m.  in  other  baitehouses  with  light  other  than 
electric,  400  in  worltshops  (not  domestic)  used  also  as  sleeping-rooms. 

^  e.g.—A  limit  of  9  vols.  COo  per  10,000  in  humid  cotton  cloth  factories, 
and  in  flax,  liemp  and  jute  works,  and  COO  c.f.  fresh  air  per  head  per  hour 
m  other  humid  textile  factories. 
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a  rule  better  results  are  obtained  by  large  fans  moving  slowly 
than  by  small  fans  at  a  high  speed.  Plenum  is  on  the  whoL 
preferable,  and  offers  facilities  for  warming,  screening  or 
humidifying  the  air  when  necessary.  Exhaust  ventilation 
calls  for  care  in  guarding  against  indraught  through 
closets  or  other  unsuitable  channels.  Paddle  fans,  which 
churn  the  air  without  changing  it,  are  not  to  be  regarded 
as  means  of  ventilation,  though  the  currents  they  cause 
may  promote  evaporation,  and  thus  have  some  cooling 
effect.  If  reliance  is  placed  on  "  natural"  ventilation  (whethei- 
by  chimneys,  open  windows  and  doors,  ventilators  or  shafts), 
supervision  becomes  necessary,  especially  in  cold  weather.  In 
any  case  care  should  be  taken  to  secure  ventilation  of  all 
parts  of  the  room,  to  avoid  short-circuiting  and  direct  draughts 
upon  workers,  and  to  provide  adequately  for  both  inlets  and 
outlets. 

I^ocal  ventilation,  for  removal  of  dust,  gases, 
vapours  or  other  impurities  generated  in  the  course  of 
work,  which  are  a  nuisance  or  injurious  to  healtli, 
must  be  such  as  to  render  them  harmless  as  far  as 
possible. 

Usually  this  involves  exhaust  ventilation,  applied  at  or  near 
the  point  of  origin;  and  fans  (or  other  efficient  mechanical 
means)  for  the  purpose  are  prescribed  in  certain  dangerous 
processes,  and  can  be  required  by  the  Factory  Inspector  in 
others.  Exhaust  ventilation  may  sometimes  be  secured  by  con- 
nection with  flues  or  other  heated  shafts,  but  in  general  fans  are 
required  and  need  careful  planning.  The  essentials  are  that  the 
dust  or  fumes  should  be  intercepted  as  near  as  possible  to  their 
source,  and  carried  away  from  the  workers,  without  entering  the 
general  air  of  the  room  :  that  the  draught  should  be  adequate 
for  the  purpose,  and  guided  where  necessary  by  hoods  :  and  that 
the  air-ducts  should  be  kept  clean  and  discharge  at  a  suitable 
point,  preferably  in  a  closed  dust-chamber.  As  a  rule  a  down- 
ward draught  is  best,  since  it  carries  away  the  dust  more 
readil3^  The  efficiency  of  exhaust  can  be  tested  by  anemometer, 
or  by  smoke,  light  dust,  or  fumes  of  ammonium  chloride. 
In  some  instances  standards  are  fixed,  in  terms  of  sectional 
area  of  openings  and  velocity  at  given  points. 

Other  measures  are  the  use  of  closed  chambers  or  boxes, 
and  as  regards  dust  the  adoption  of  wet  processes,  handling 
the  dusty  materials  over  gratings  through  which  the  dust  can 
fall,  cleanliness  of  premises  and  floors,  and  the  use  of  overalls. 

As  a  last  resource  respirators  may  be  adopted,  especially 
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where  the  occupation  is  intermittent,  but  there  is  difficulty  in 
enforcing  the  systematic  use  of  them,  and  most  of  them  entail 
some  physical  discomfort  if  worn  for  long  periods  or  in  heavy 
work.  The  essentials  in  a  respirator  are  that  it  should  be  light, 
simple,  inexpensive,  the  filtering  material  readily  renewed  or 
cleaned ;  that  it  should  be  as  little  unsightly  as  possible ;  that 
it  should  arrest  all  dust,  filter  the  whole  of  the  inspired  air, 
and  prevent  the  rebreathing  of  expired  air ;  and  that  it  should 
oflier  ,the  minimum  resistance  to  the  free  passage  of  air  without 
respiratory  effoi-t,  and  without  becoming  obstructed  in  use  by 
moisture  from  the  breath.  A  fold  of  cambric  covering  the 
mouth  and  nostrils  is  an  efficient  simple  respirator.  Many 
elaborate  forms  fail  when  tried  under  the  actual  conditions  of 
the  work  for  which  they  are  proposed. 

Some  kinds  of  dust  are  directly  infective,  e.g.  anthrax, 
tetanus,  small-pox  (among  rag-sorters  in  paper  works 
and  elsewhere);  others  poisonous  {e.g.  lead,  mercury);  and 
others,  again, mechanically  injurious  in  varying  degree..  Simi- 
larly the  wide  A'ariety  of  gases,  fumes  and  vapours  which  arise 
in  manufacturing  processes  and  require  removal  include  many 
.which  are  directly  poisonous  [e.g.  CO,  CSo,  H.2S,  SOo,  chlorine, 
nitrous  and  other  acid  fumes,  AsHg ;  lead,  zinc  and  mercury 
fumes),  and  some  which  are  harmful  in  other  ways  [e.g.  steam) 
or  offensive  (organic  effluvia). 

Explosion  may  arise  from  ignition  of  inflammable  dust  or 
fumes  mixed  with  air :  e.g.  ordinary  gas,  marsh  gas  (in  coal 
•mines),  naphtha,  coal  dust,  or  ceUuloid  borings. 

Temperature. — In  every  workroom  of  a  factory  or 
"workshop  provision  must  be  made  for  securing  a  reasonable 
temperature,  and  without  interfering  with  the  purity  of  the 
air  of  the  room.  This  requirement  is  enforced  by  the  Factory 
Inspector.  Gas  jets  cannot  be  accepted  as  means  of  warming, 
.nor  must  the  ventilators  be  closed.  Flueless  stoves  are 
objectionable,  owing  to  the  risk  of  adding  sulphur  compounds, 
CO,  and  other  impurities  to  the  air. 

As  a  lower  limit  60°  F.  is  suitable  for  sedentary  occupations 
involving  little  exertion,  but  active  work  can  be  carried  on, 
indoors  as  well  as  in  the  open  air,  at  lower  temperatures.  The 
•Upper  limit  is  not  easily  defined,  since  in  cei-tain  jirocesses  a 
•jhigh  temperature  is  a  trade  necessity,  while  in  others  it  is  only 
-•accidental  [e.g.  from  use  of  furnaces,  consumj^tion  of  gas, 
moving  machinery,  steam  pipes),  and  calls  for  preventive  mea- 
-iires  such  as  free  ventilation,  screening  off  sources  of  heat, 
"  lagging  "  of  hot  pipes  and  reducing  their  dimensions  as  far 
as  practicable.    In  humid  cotton  cloth  factories  the  prescribed 
precautions  of  the  kind  include  whitewashing  of  the  roof  in 
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summer,  and  it  is  forbidden  to  raise  the  temperature  artificially 
above  70"  F.,  except  so  far  as  is  necessary  in  humidifying. 

If  the  air  be  dry  enough,  high  temperatures  can  be  borne, 
but  as  a  matter  of  health  as  well  as  comfort  high  wet-bulb 
temperatures  are  to  be  avoided  as  far  as  possible,  especially 
where  the  work  is  hard. 

Humidity  is  expressly  regulated  in  humid  textile  factories 
generally,*  a  limit  being  fixed  for  each  dry-bulb  degree  :  88% 
from  59-  to  70°,  decreasing  thenceforward  to  77'5%  at  80", 
69%  at  90°,  and  64%  at  100".  In  certain  textile  processes, 
however,  a  difference  of  2"  between  wet  and  dry  bulb  is 
accepted  at  all  temperatures.  Hygrometers  must  be  affixed  in 
each  room,  and  (except  in  cotton  spinning)  records  kept  of  two 
(in  cotton  cloth  factories  three)  daily  readings  at  [7  to  8  a.m.], 
10  to  11  a.m.,  and  3  to  4  p.m.  The  water  used  for  humidi- 
fication  must  either  be  taken  from  a  pure  source  or  be  effec- 
tively purified  ;  a  water  which  gives  off  offensive  gases  of  any 
kind  on  heating,  or  which  absorbs  from  acid  solution  of 
KMn04  at  60"  F.  in  2  hours  more  than  0-5  mgrr.  of  oxygen, 
maybe  regarded  as  unsuitable.  In  moist  air  the  clothing  becomes 
damp,  and  warmed  ventilated  cloak-rooms  are  obligatory  in 
new  humid  cotton  weaving  factories. 

Steam  in  excess  arises  incidentally  in  laundries,  dyehouses, 
etc.,  and  can  be  removed  by  exhaust  ventilation  or  by  intro- 
ducing hot  dry  air. 

Lig^hting  is  only  regulated  by  the  Factory  Act  as  regards 
undergi'ound  bakehouses  (p.  568)  and  in  certain  dangerous 
trades.  For  artificial  lighting  electric  light  or  ventilated  gas 
burners  are  preferable,  as  they  do  not  add  to  the  impurity  of 
the  air  or  caU  for  additional  ventilation. 

Floors  have  to  be  sound  and  impervious  for  the  purpose  of 
certain  dangerous  processes,  and  to  be  drained  in  wet  processes 
generally  (except  in  men's  workshops)  and  especially  in  laundries. 

Sanitary  accommodation  is  enforced  by 
S.A.'s  in  both  factories  and  workshops,  in  London 
(Pub.  Health  Act,  1891,  s.  38)  and  where  s.  22  of  the 
P.H.  Acts  Amendment  Act  of  1890  is  in  force  (p. 
508).  Elsewhere  the  S.A.  have  similar  powers  under 
s.  38  of  the  P.H.  Act,  1875;  but  s.  9  of  the  Factory  Act 
also  applies,  and  the  administration  of  this  (and  of 

*  Spinning  and  weaving  factories  in  wliicli  tlie  air  is  artificially  humi- 
dified by  steam  jets  or  otlierwise,  in  order  to  correct  the  dryness  of  the 
air,  which  beyond  a  certain  limit  interferes  witli  the  treatment  of  the  fibre 
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the  order  which  interprets  it)  rests  with  the  Factory 
Inspector  alone. 

Factory  and  Workshop  Act,  :  5.9.  "(a).  Every  factory 
ind  workshop  must  be  provided  with  sufficient  and  suitable 
ii  commodation  in  the  way  of  sanitary  conveniences,  regard 

Doing  had  to  the  number  of  persons  employed  or  in  attendance 
it  the  factory  or  workshop,  and  also  where  persons  of  both 

-exes  are  or  are  intended  to  be  employed  or  in  attendance,  with 

proper  separate  accommodation  for  persons  of  each  sex.  [b). 
The  Secretary  of  State  shall,  by,  special  order,  determine  what 

i-;  sufficient  and  suitable  accommodation  within  the  meaning  of 

I  his  section." 

Sanitary  Accommodation  Order  of  February  ith,  1903. 

"In  pursuance  of  Section  9  of  the  Factory  and  "Workshop 
.^Act,  1901,  I  hereby  determine  that  the  accommodation  in  the 
wway  of  sanitary  conveniences  provided  in  a  factory  or  workshop 
sshall  be  deemed  to  be  sufficient  and  suitable  within  the  meaning 
oof  the  said  section  if  the  following  conditions  are  complied  with 
aand  not  otherwise  : — 

"1.  In  factories  or  workshops  where  females  are  employed 
oor  in  attendance  there  shall  be  one  sanitary  convenience  for 
eevery  25  females. 

"  In  factories  or  workshops  where  males  are  employed  or  in 
sattendance  there  shall  be  one  sanitary  convenience  for  every  25 
imales;  proA^ded  that — 

(a)  in  factories  or  workshops  Avhere  the  number  of  males 
employed  or  in  attendance  exceeds  100,  and  sufficient 
urinal  accommodation  is  also  provided,  it  shall  be 
sufficient  if  there  is  one  sanitary  convenience  for 
every  25  males  up  to  the  first  100,  and  one  for  every 
40  after ; 

{b)  in  factories  or  workshops  where  the  number  of  males 
employed  or  in  attendance  exceeds  500,  and  the 
District  Inspector  of  Factories  certifies  in  writing  that 
by  means  of  a  check  system,  or  otherwise,  proper 
supervision  and  control  in  regard  to  the  use  of  the 
conveniences  are  exercised  by  officers  specially 
appointed  for  that  purpose,  it  shall  bo  sufficient  if  one 
sanitary  convenience  is  provided  for  every  60  males, 
in  addition  to  sufficient  urinal  accommodation.  Any 
certificate  given  by  an  Inspector  shall  be  kept 
attached  to  the  general  register,  and  shall  be  liable 
at  any  time  to  be  revoked  by  notice  in  writing  fi'om 
the  Inspector. 
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"In  calculating  the  number  of  conveniences  required  by 
this  order,  any  odd  number  of  persons  less  than  25,  40,  or  60, 
as  the  case  may  be,  shall  bo  reckoned  as  25,  40,  or  60. 

"  2.  Every  sanitary  convenience  shall  be  kept  in  a  cleanly 
state,,  shall  be  sufficiently  ventilated  and  liglitcd,  and  shall  not 
communicate  with  any  work-room  except  through  the  open  air 
or  through  an  intervening  ventilated  space ;  provided  that  in 
work-rooms  in  use  prior  to  Ist  January,  1903,  and  mechanic, 
ally  ventilated  in  such  manner  that  air  cannot  be  drawn  into 
the  work-room  through  the  sanitary  convenience,  an  inter- 
vening ventilated  space  shall  not  be  required. 

"  3.  Every  sanitary  convenience  shall  bo  under  cover  and  so 
partitioned  off  as  to  secure  privacy,  and  if  for  the  use  of 
females  shall  have  a  proper  door  and  fastenings. 

"  4.  The  sanitary  conveniences  in  a  factory  or  workshop 
shall  be  so  arranged  and  maintained  as  to  be  convcnienlly 
accessible  to  aU  persons  employed  therein  at  all  times  during 
their  employment. 

"5.  Where  i^ersons  of  both  sexes  are  employed,  the  con- 
veniences for  each  sex  shall  be  so  placed  or  so  screened  that 
the  interior  shall  not  be  visible,  even  when  the  door  of  any  con-, 
venience  is  open,  from  an)'  place  where  persons  of  the  other  sex 
have  to  work  or  pass ;  and,  if  the  conveniences  for  one  sex 
adjoin  those  for  the  other  sex,  the  approaches  shall  be  separate.?'i 

Other  sanitary  regulations.— ifffa^ortcs  are  re- 
quired where  any  poisonous  substance  is  used.  For  certain 
dangerous  trades  details  are  prescribed,  e.g.  that  there  shall  be. 
soap,  nailbrushes,  towels,  and  at  least  one  basin  (with  water 
supply  and  waste  pipe)  for  every  5  persons.  In  some,  baths  also 
are  required.  Cloak-rooms  are  obligatory  in  new  humid  cotton 
cloth  factories,  and  where  certain  dangerous  trades  are  carried  on. 
.,  In  certain  rooms,  e.g.  where  poisonous  substances  are  so  used 
as  to  give  rise  to  dust  or  fumes,  it  is  forbidden  to  take  food  or 
to  remain  during  meal  hours,  and  accommodation  for  meals 
must  be  provided  elsewhere  on  the  premises. 

Dangerous  trades,  certified  as  such  by  the  Home  Secretary, 
are  further  subject  to  regulations  (of  automatic  application)  or 
special  rules  (established  in  individual  works)  issued  by  the 
Home  Officte.  These  prescribe  additional  precautions,  accord- 
ing to  the  nature  of  the  danger,  and  are  enforced  by  tho 
Factory  Inspectors. 

The  Acts  allow  certain  special  exceptions,  which  are  often 
coupled  with  additional  requirements,  sanitary  and  other; 
these  also  are  administered  solely  by  the  Factoiy  Inspectors. 

Certifying  surgeons  are  appointed  for  every  locality. 
Their  duties  include  (1)  examination  of  children  and  of  young 


hap.  XIX.]    Means  of  Escape  from  Fire.  567 


persons  under  16  for  certificates  of  fitness  for  employment  in 
tactories  and  certain  workshops,  (2)  investigation  of  accidents 
and  poisoning,  (3)  periodical  examination,  when  required  by 
regulations  or  special  rules,  of  persons  employed  in  processes 
■  ntailing  danger  of  poisoning. 

The  dangers  to  health  against  which  the  above  provisions 
ue  directed  are  obvious,  but  there  are,  of  course,  many  others 
lit'  a  different  kind,  not  limited  to  employment  under  the 
Factory  Act.    Thus  coal  miners  are  liable  to  nystagmus  from 
working  in  constrained  positions,  and  to  "beat  hand"  and 
•'•beat  knee"  (chronic  inflammation  due  to  local  pressure); 
imen  working  in  compressed  air  to  "caisson  disease  "  if  care  be 
mot  taken  to  pass  slowly  from  higher  to  lower  pressures,  through 
;  air-locks.    Writers  cramp,  housemaid's  knee,  the  emphysema 
'  of  performers  on  wind  instruments,  are  other  examples.  Hernia 
I  or  aneurysm  may  be  determined  by  violeiit  exertion ;  carrying 
1  unduly  heavy  weights  is  injurious,  and  is  indirectly  prohibited 
lias  regards    girls    under    18    as   a    condition   of  special 
f  exception  as  to  hours  in  fruit  preserving.    Sight  may  suffer 
ffrom  strain  in  fine  work  in  inadequate  light,  and  cataract  is 
I  common  among  glass  workers.    Habitual  exposure  to  weather 
i  in  open-air  occupations,  and  violent  alternations  of  tempera- 
t  tnre  in  connection  with  furnaces  or  otherwise,  present  dangers 
c  of  their  own. 

Means  of  escape  from  lire — Factories  built 
:  after  1891  and  workshops  built  after  1895,  must,  if  more 
•  than  40  persons  are  employed,  have  a  certificate  froni 
1  the  S.A.  as  to  reasonable  adequacy  in  this  respect, 
>  specifying  in  detail  the  means  provided.    In  older 
'  works  with  more  than  40  hands  the  S.A.  must  see 
that  reasonable  provision  is  made,  and  if  not,  must 
require  the  owner  by  notice  to  carry  out  specified 
details  in  a  specified  time  :  any  dispute  to  be  settled 
by  arbitrg.tion.    The  whole  of  a  tenement  factory  or 
'  tenement  workshop  is  counted  as  one.     The  S.A. 

may,  subject  to  confirmation  by  the  Ii.G.B.,make 
'  byelaws  as  to  means  of   escape  in  any  factories  or 
workshops.    In  London  these  duties  rest  with  the 
County  Council. 

Doors  of  workrooms  must  not  during  working  hours  be 
fastened  so  as  not  to  be  readily  opened,  from  inside :  and  in 


568 


Hygiene  and  Public  Health.  [Chap.  xix. 


works  built  after  1895,  doors  of  rooms  in  which  more  than  10 
persons  are  employed  must  not  open  inwards. 

Adequate  means  of  escape  are  all  the  more  essential  where 
the  nature  of  the  manufacture  entails  special  risk  of  fire. 
Alternative  paths  of  escape  are  desirable  (since  the  main  line  of 
exit  may  be  readilj'  involved  in  the  fire)  especially  where  large 
numbers  are  employed,  and  these  paths  should  be  obvious  and 
kept  clear  of  unnecessar)'  obstruction.- 

Laundries  are  technically  factories  or  workshops.  In 
factor])  laundries  fans  are  required  for  regulating  the  tempera- 
ture of  ironing-rooms,  and  for  removing  steam  from  wash- 
houses  ;  and  in  all  laundries  [a)  stoves  for  heating  irons 
must  be  sufficiently  separated  from  the  ironing-room  or  ironing- 
table,  and  gas-irons  emitting  noxious  fumes  must  not  be  used; 
{b)  floors  must  be  kept  in  good  condition  and  so  drained  as  to 
allow  the  water  to  flow  off  freely. 

Bakehouses  are  factories  or  workshops,  but  subject  to 
certain  special  requii-ements  as  below.  Retail  bakehouses  are  work- 
shop bakehouses  in  which  the  articles  baked  are  sold  by  retail 
only  in  a  shop  occupied  therewith.  Underground  bakehouses  are 
those  in  which  any  room  used  for  baking  or  processes  incidental 
thereto  has  its  floor  more  than  3  feet  below  the  footway  of 
the  adjoining  street  or  gi'ound  adjoining  or  nearest  to  the  room. 

If  a  bakehouse  is  ]  on  sanitary  grounds  unfit  for  that  use, 
a  Court  may,  on  application  by  the  Factory  Inspector  or  S.A., 
impose  a  penalty  and  require  the  necessary  alterations  to  be 
made.  It  must  not  contain  or  communicate  directly  with  a 
closet,  nor  deriA^e  its  water  supply  from  a  cistern  supplying  a 
w.c.  A  drain  or  pipe  for  carrying  off  faecal  or  sewage  matter 
must  not  have  an  opening  in  the  bakehouse  (thus  anj^  waste- 
pipe  must  be  disconnected  outside).  The  walls  and  ceilings 
of  rooms,  passages  and  staircases  must  be  limewashed 
every  6  months;  or  receive  3  coats  of  oil-paint  or  varnish 
every  7  j^ears,  and  be  washed  with  hot  water  and  soap  every 
6  months.  A  part  of  the  same  building,  on  the  same  level 
with  the  bakehouse,  must  not  be  used  as  a  sleepiug-room 
unless  partitioned  off  from  floor  to  ceiling,  and  having  ap 
external  glazed  window  9  square  feet  in  area,  4^  of  which  is 
made  to  open. 

An  underground  bakehouse  must  not  be  used  as  such  unless 
(a)  it  was  so  used  on  August  I7th,  1901,  and  further  [b)  the 
S.A.  has  certified  it  to  be  suitable  as  regards  construction, 
light,  ventilation  and  in  all  other  respects. 

The  administration  of  these  special  requirements  in  retail 
bakehouses  (in  London  in  all  workshop  bakehouses),  and  the 
certification  of  underground  bakehouses,  rests  with  the  S.A. 
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I  1  other  cases  the  Factory  Inspector  and  S.A.  have  concuiTent 
i  )\vers. 

i  A  high  standard  of  sanitation  is  needed  in  premises  where 
;  lod  is  manufactured,  prepared,  cooked  or  stored ;  including 
i  ikehouses,  restaurant  kitchens,  ice-cream  pi'emises,  fiish-shops, 
i  leat-shops,  preserved  meat  works,  confectionery  works, 
i  liries  and  railk-shops.  The  following  summary,  directed 
I  limarily  to  bakehouses,  may  serve  to  indicate  j^enerally  the 
j  lief  points  needing  attention. 

i  Surfaces  of  floors,  walls  and  ceilings  to  be  hard,  smooth, 
arable  and  impervious. 

Floors  to  be  laid  to  proper  falls,  and  drained  by  proper 
laannels  to  a  gully  outside. 

Walls  to  be  absolutely  di'y  ;  failing  this,  to  have  an  inner 
tall  at  least  ^-inch  thick,  tied  to  the  outer  wall,  but  with  2-inch 
•entilated  and  drained  intervening  space. 

Any  drain  beneath  the  floor  to  be  gas  and  water-tight.  All 
{ipes  and  fittings  to  be  eflBcient. 

Minimum  height  8  feet ;  minimum  air-space  400  c.f.  per 
sead  and  1,500  c.f.  in  all,  clear  of  ovens,  machinery,  and  stored 
>oods. 

Efficient  lighting  :  where  practicable  natural  light  only  ; 
r.nong  artificial  lights  electric  is  preferable,  or  if  gasis  necessary, 
Gcandescent  burners  protected  from  dust  and  ventilated  to 
ismove  fumes. 

Ventilation,  by  fan  if  necessary ;  ensuring  constant  and 
itiflRcient  change  of  air  without  draughts,  and  a  temperature  not 
i.dinarily  exceeding  60°  F.,  or  80°  F.  at  any  lime  except 
iathin  half-an-hour  after  "  drawing  "  an  oven. 

Oven  furnaces  to  have  efficient  flues  to  carry  away  fumes. 

An  outlet  for  heat  and  steam  immediately  before  and  above 
!■  le  oven  door.  Oven  doors  and  outer  doors  of  furnaces  to  fit 
osely.    Proving  ovens  to  be  efficiently  ventilated.    If  gas  is 

1  for  heating,  means  of  removing  fumes.    Hoods  and  ducts 

ling  to  the  open  air,  over  stoves  and  ranges. 

Strict  cleanliness  of  premises  and  appliances. 

Water  supply,  Avith  jet  and  hose,  for  washing  floors  ;  cisterns 

my)  to  be  of  proj^er  construction,  with  dust-tight  covers,  and 
pt  clean. 

Tables,  benches,  dough-troughs,  etc.,  to  be  freely  movable 
i  1  casters. 

Any  necessary  shelves  to  be  fixed  2  inches  away  from  walls, 
nut  unnecessary  woodwork  on  walls  to  bo  avoided. 
Covered  metal  boxes  for  refuse. 

Suitable  provision,  outside  the  workroom,  for  storage  of  food 
uaterials  (milk  in  clean  covered  vessels,  in  a  cool  place) ;  storage 
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of  fuel ;  deposit  of  clothing  not  in  use ;  lavatory ;  sanitary 
accommodation, 

ITomc  work  of  certain  kinds*  defined  (1907)  by 
order  of  the  Home  Secretary  is  under  special  control 
The  employer  must  keep  a  list  of  the  names  and 
addresses  of  the  outworkers,  and  send  copies  to  tlie 
S.A.  of  his  district  on  or  before  February  1st  and 
August  1st  of  each  year,  in  a  prescribed  form.  If  any 
such  addresses  are  outside  the  area  of  the  S.A.,  par- 
ticulars of  them  must  be  sent  by  the  S.A.  to  the 
S.A.  concerned.  If  the  home  premises  are  injurious 
or  dangerous  to  the  health  of  the  workers,  the  S.A. 
may  prohibit  the  employer  from  giving  out  work  to 
be  done  there. 

If  an  inmate  of  the  house  is  suffering  from  a  notifiable 
infectious  disease  (even  if  he  has  been  removed)  the 
S.A.  may  by  order  prohibit  the  employer  from  giving 
out  work  to  be  done  in  that  house  or  in  any  specified 
part  of  it,  during  a  specified  term.  This  power 
applies  only  to  the  classes  of  work  named  in  the  first 
part  of  the  footnote  below.  In  emei'gency  it  may  be 
exercised  by  two  or  more  members  of  the  S.A.  on  the 
advice  of  the  M.O.H.  The  order  may  be  subject  to 
conditions  as  to  disinfection  or  other  precautions. 

In  case  of  scarlet  fever  or  small-pox,  an  employer 
giving  out  work  or  wearing  apparel  is  subject  to 

*  The  making,  cleaning,  wasliing,  altering,  ornamenting,  finishing,  anil 
repairing  of  wearing  apparel ;  the  maldng,  omanienting,  mending,  and 
linishing  of  lace  and  of  lace  cui'tains  and  nets  ;  cabinet  and  furniture 
making  and  upholstery  work;  ftu'-pulling ;  the  making  or  repairing 
of  umbrellas,  sunshades,  parasols,  or  parts  thereof;  the  making  of 
artificial  flowers  ;  nets  other  than  wire  nets  ;  tents  ;  the  making  or  repair- 
ing of  sacks;  the  covering  of  racquet  or  tennis  balls;  the  making  of 
paper  bags,  boxes  or  other  rece]itacles  or  parts  thereof  made  wholly  or 
])artially  of  paper,  card  board,  chip,  or  similar  material ;  the  making 
of  brushes ;  pea  picking ;  feather  sorting ;  the  carding,  boxing,  or 
packeting  of  buttons,  hooks  and  eyes,  jiins,  and  hair  pins  ;  the  making  of 
fetuHcd  toys  ;  baskets  ;  and  any  pi-ocesses  incidental  to  the  above. 

The  making  of  electro-plate;  files;  iron  and  steel  cables  .and  chains, 
anchors  and  grapnels;  cart  gear,  including  swivels,  rings,  loops,  gear 
buckles,  niullin  bits,  hooks,  and  attachments  of  all  kinds  ;  locks,  latclies, 
and  keys. 
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\  penalty,  apart  from  any  order  from  the  S.A.  as  above, 
uanless  he  proves  that  he  was  not  aware  of  the  illness 

and  could  not  reasonably  have   been  expected  to 

become  aware  of  it. 

Industrial  poisoning^. — "Every  medical  prac- 
ttitioner  attending  on  or  called  in  to  visit  a  patient 

whom  he  believes  to  be  suffering  from  lead,  phos- 
jphorus,  arsenical  or  mercurial  poisoning,  or  anthrax, 

contracted  in  a  factory  or  workshop,  shall  .   .   .  send 

to  the  Chief  Inspector  of  Factories,  at  the  Home 
'Office,  London,  a  notice  stating  the  name  and  full 
;  postal  address  of  the  patient  and  the  disease  from 
\  which  in  the  opinion  of  the  medical  practitioner  the 
[patient  is  suflFering."  A  fee  of  2s.  6d.  is  allowed. 
'  The  employer  must  notify  such  cases  to  the  Inspector 
(of  Factories  and  to  the  Certifying  Surgeon. 

Lead  poisoning  arises  in  a  number  of  industries,  from  the 
1  materials  or  appliances  used.  Owing  to  more  stringent  pre- 
'  cautions  the  number  of  reported  cases  in  the  United  Kingdom 
;fell  from  1,258  in  1899,  to  632  in  1906,  the  eight  years' 
t  totals  being — 


'♦White  Lead    1,512 

'  *Earthenware  &  China  1,036 

Coach-building   527 

■  *Paints   and   Colours  398 

•Smelting  of  Metals  ...  311 

*Filo  Cutting    225 

*Electrical  Accumulators  244 


Ship-building    235 

Printing    149 

*Tinning  &  Enamelling 

of  Metals   142 

Other   1,464 


Total  6,243 


Those  marked  *  are  under  special  rules  or  regulations  as  dan- 
gerous trades.  The  great  danger  is  that  of  inhalation  or  swal- 
lowing of  dust,  but  there  is  also  risk  from  carrying  unwashed 
hands  to  the  mouth,  from  eating  or  using  tobacco  while  at  work, 
and  in  some  industries  from  fumes  containing  lead.  The  chief 
preventive  measures,  apart  from  those  directed  against  dust 
and  fumes  (p.  562),  are  the  substitution  of  materials  free  from 
lead  or  containing  it  only  in  an  insoluble  and  comi^aratively 
harmless  form,  facilities  for  washing  and  due  use  of  them, 
overalls  in  dusty  processes,  periodical  medical  examination  of 
workers,  and  e-vlusion  of  persons  found  to  be  susceptible. 
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Women  appear  to  be  more  susceptible  than  men,  and  the  em- 
ployment of  children  and  even  of  young  persons  under  15  is 
forbidden  in  certain  lead  processes,  as  less  attention  to  pre- 
cautions can  be  expected  from  them. 

The  figures  given  above  are  those  for  industries  as  a  whole, 
each  including  a  variety  of  processes  involving  very  diflerent 
degrees  of  risk  :  thus  in  pottery  processes  the  incidence  is  much 
greater  among  dippers  and  ware- cleaners,  who  handle  the 
glaze  before  it  is  fired  ;  and  in  the  processes  named  much  depends 
upon  the  nature  of  the  materials  handled,  the  frequency  and 
duration  of  employment,  the  conditions  of  work,  including 
observance  of  precautions,  and  upon  the  age  and  sex  of  the 
workers.  These  considerations  are  material  in  estimating  the 
statistical  value  of  attack-rates  or  mortality  rates,  in  all 
industi'ial  diseases  and  not  merely  as  regards  plumbism.  A 
further  necessary  consideration  is  the  character  of  attack, 
which  varies  greatly  as  regards  the  nature,  site,  and  severity  of 
symptoms,  and  shades  off  into  constitutional  conditions  which 
can  hardly  be  regarded  as  poisoning  or  disease,  and  may  only 
be  revealed  by  large  statistics  showing  greater  tendency  to 
more  remote  affections,  such  as  the  kidney  disease  and  gout 
which  are  found  from  mortality  returns  to  be  more  common 
among  lead-workers  than  others. 

Phosphorus  poisoniuff  is  now  rare,  stringent  precautions  being 
in  force  in  the  lucifer  match  factories  in  which  yellow  phos- 
phorus is  used.  Its  characteristic  manifestation  is  necrosis  of 
the  jaw,  arising  in  connection  with  carious  teeth :  it  rarely 
occurs  until  the  employment  has  been  long  continued,  and 
there  is  some  reason  to  suppose  that  it  is  dependent  upon  a 
constitutional  change  predisposing  to  local  attack.  Substitutes 
for  yellow  phosphorus  have  been  found  in  red  phosphorus 
(a  harmless  form),  sesquisulphide  of  phosphorus,  and  other 
chemicals.  Other  precautionary  measiires  in  force  are  the 
use  of  closed  A'^essels  for  phosphorus,  separation  of  phosphorus 
processes  fi-om  each  other  and  from  the  rest,  free  general  ven- 
tilation, exhaust  ventilation,  washing  facilities  and  systematic 
use  of  them',  overalls,  and  periodical  examination  by  a  dentist 
(with  power  to  forbid  employment),  in  order  to  secure  sound- 
ness of  teeth. 

The  reported  attacks  in  1899-1906  were  8,  3,  4,  1,  0,  1,  3,  0. 

Arsenical  po  isoning  arises  chiefly  in  connection  with  paints 
and  colouis  and  in  chemical  works,  or  exceptionally  from  the 
evolution  of  arseniuretted  hydrogen  in  metallurgical  processes. 
In  1900-1906,  o/5  attacks  were  reported. 

Mercurial 2)oisoning  is  met  with  in  industries  in  which  mercury 
or  a  mercurial  salt  is  used  :  including  the  making  of  ther- 
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meters  and  other  scientilic  instruments,  furriers'  work  (in 
Liirrotting")  and  chemical  works.  Formerly  it  was  observed 
iiiong  "  water  gilders  "  employed  in  "  silvering  "  mirrors  by 

ans  of  mercury.  In  addition  to  salivation,  alimentary 
-turbances  and  cachexia,  there  are  peculiar  fine  tremors  of  the 

uds  and  arms,  with  occasional  pains  in  the  joints.  In  1899- 
'00,  68  attacks  were  reported. 

Anthrax  was  reiwrted  in  386  instances  in  1899-1906. 


Industry. 

Attacks. 

Deaths. 

Wool,  Worsted   

140 

43 

Horsehair,  Bristles   

S7 

23 

Hides,  Skius   

121 

30 

Other   

32 

10 

Internal  anthrax  is  generally  fatal.  Among  external  cases 
bhe  pustule  is  usually  (85%)  on  the  head  or  neck,  but  in  127o 
ion  the  hand  or  arm. 

The  infection  in  the  trades  named  above  is  due  to  materials 
nmported  fi-om  Eastern  countries  in  which  anthrax  is  rife,  e.g., 
I'V'an  mohair,  Persian  wool,  Siberian  and  Chinese  horsehair, 
,'Jhinese  and  Persian  skins.  Dry  and  dusty  materiiils  and 
lorocesses  are  especially  dangerous,  and  greasy  or  moist  goods 
(  e.g.  salted  hides)  less  so.  Where  disinfection  is  impracticable 
uad  infected  materials  are  used,  the  preventive  measures 
l  um  upon  suppression  of  dust,  personal  cleanliness,  protec- 
i:ive  garments,  and  immediate  attention  to  abrasions  of  the 
ifekin,  however  slight.  Early  diagnosis,  prompt  excision  of 
uinthrax  pustules,  and  the  use  of  Sclavo's  serum  are  important. 

Brass-founders'  ague,  attributed  to  zinc  fumes,  is  charac- 
terised by  recurrent  attacks,  with  cold,  hot,  and  sweating 
itages,  differing  from  those  of  malaria  in  not  being  periodic. 

[  Other  provisions  of  the  Factory  Act  require  only 
\  brief  mention  here,  and  the  following  summary  may 
~  suffice. 

Safety. — Dangerous  machinery  must  be  fenced  or  made 
-  safe  by  position.  The  use  of  dangerous  ways,  works,  machinery 
;  or  plant,  or  of  dangerous  premises,  can  be  forbidden  by  a 
f  Court.     Certain  dangerous   employments  are  forbidden  to 
"children"  and  "young  persons,"  and  further  limitations  of 
this  kind  can  be  imposed  by  the  Certifying  Surgeon.  Where 
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any  manufacture,  plant,  process,  or  description  of  manual 
labour  is  certified  by  the  Home  Secretary  as  dangerous  or 
injurious  to  health,  or  dangerous  to  life  or  limb,  regulations 
(of  general  application)  or  special  rules  (for  particular  worksl 
may  be  made  :  many  such  codes  are  in  force. 

Accidents  which  are  fatal,  or  which  cause  disablement 
for  ordinary  work  for  seven  days  (or,  if  caused  by  power 
machinery,  molten  metal,  hot  liquid,  explosion,  escape  of  gas 
or  steam  or  electricity,  such  disablement  for  one  whole  day) 
must  be  registered  and  reported  to  the  Factory  Inspector ;  and 
also  (except  the  seven-day  accidents  above)  to  the  Certifying 
Surgeon.  These  obligations  arise  under  an  Amending  Act 
(Notice  of  Accidents  Act,  1906)  and  extend  to  dock  processes 
and  building  operations.  About  100,000  accidents  per  year  are 
so  reported,  and  of  these  about  1%  are  fatal. 

Age  and  Sex. — Children  under  12  may  not  be  employed. 
Above  12  they  may  be  employed  for  half-time  (if  they  have 
attained  a  certain  standard  and  if  the  local  educational  bye- 
laws  permit),  but  must  attend  school  for  the  other  half.  In 
factories  and  certain  workshops  they  must  have  a  certificate  of 
fitness  (as  to  age  and  physique)  from  the  Certifying  Surgeon, 
which  may  be  coupled  with  conditions  as  to  the  nature  of  the 
employment  permitted.  "Young  persons"  are  those  between 
14  and  18  (or  between  13  and  14,  subject  to  conditions  as  to 
educational  certificates),  and  are  eligible  for  full  time  employ- 
ment, with  certain  limitations.  Certificates  of  fitness  are 
required  for  those  under  16  employed  in  factories  and  certain 
workshops.  A  woman  must  not  be  employed  within  4  weeks 
after  giving  birth  to  a  child. 

Hours  and  Intervals. — The  period  of  employment  for 
women  and  young  persons  in  textile  factories  is  on  ordinary 
days  12  hours  (6  to  6  or  7  to  7),  less  2  hours  intervals,  and  on 
Saturday  G  hours  (6  to  12  or  7  to  1,  -with  |  hour  interval,  or  6  to 
12.30,  with  an  hour  interval)  :  or  a  weekly  total  of  bh\  working 
hours.  In  non- textile  factories  and  in  workshops  it  is  12 
hours  on  ordinary  days  (6  to  6,  7  to  7,  or  8  to  8),  with  1^  hours 
intervals,  and  on  Saturdays  8  hours  (6  to  2,  7  to  3,  or  8  to  4), 
with  \  hour  interval ;  or  a  weekly  total  of  60  hours. 

In  laundries  additional  latitude  is  allowed.  There  is  a  fur- 
ther limit  as  to  continuous  spell  of  employment,  wliich  must  not 
exceed  4^  hours  in  textile  factories  and  printing,  bleaching 
and  dyeing  works,  or  5  hours  in  non-textile  factories  and 
workshops,  without  an  interval  of  \  hour.  Certain  holidays, 
amounting  to  six  days  in  the  year,  are  prescribed.  Work 
on  Sundays  is  prohibited.  The  hours,  intervals  and  holidays 
must  be   fi^xed  by  notice.    None  of  the  above  provisions 
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pply  to  men  over  18,  and  certain  exceptions  are  allowed  as 
:;;irds  women,  young  persona  and  children  in  special  cases  : 
.'.  women  may  be  employed  "overtime"  for  2  hours,  on  not 

iiore  than  3  days  in  any  week,  nor  more  than  30  days  in  any 

'2  months,  in  certain  specified  branches ;  and  in  others  male 

oung  persons  can  be  employed  at  night. 

The  Alkali,  etc.,  Works  Reg^tilation  Act, 
1 5>06,  applies  to  a  wide  variety  of  chemical  and  other 
vorks,  and  is  administered  by  Inspectors  appointed 
>y  the  L.G.B.    It  regulates  inter  alia  the  discharge 
it'  acid  gases  into  the  atmosphere  ;  thus  in  alkali 
Aorks  the  escaping  air  or  smoke  must  not  contain 
I  lore  than  \  grain  of  muriatic  acid  per  cubic  foot, 
md  in  other  specified  works  the  acid  gases  discharged 
iiiust  not  exceed  the  equivalent  of  1^   grains  of 
idphuric    anhydride    per   cubic   foot.     The  best 
I  acticable  means  must  be  adopted  for  preventing  the 
scape  of  noxious  and  oflfensive  gases,  and  rendering 
them  harmless  and  inoffensive.    Acid  drainage  must 
not  be  allowed  to  mix  with  alkali  waste  so  as  to  cause 
nuisance.    The  owner  may  require  the  S.A.  to  pro- 
vide and  maintain  at  his  expense  a  drain  for  carrying 
die  acid  waste  into  the  sea  or  any  watercourse  into 
which  it  can  be  taken  without  breach  of  the  law. 
Alkali  waste  must  not  be  deposited  or  discharged 
without  the  best  practicable  and  available  means 
'  being  used  to  prevent  nuisance. 

On  complaint  from  the  S.A.  or  from  ten  inhabi- 
t  tants,  that  nuisance  arises  from  contravention  of  the 
.  Act,  the  L.G.B.  must  institute  such  inquiry  and 

■  direct  such  proceedings  as  they  think  fit. 

Mines  are  controlled  by  tho  Coal  Mines  Kegulation  Act, 
:  1887,  and  the  Metalliferous  Mines  Regulation  Act,  1872  (many 
of  the  provisions  of  which  are  extended  to  quanios,  over 
20  feet  in  depth,  by  the  Quarries  Act,  1894),  and  amending 
Acts.    These  Acts  are  administered  by  H.M.  Inspectors  of 
>  Mines,  but  in  one  or  two  minor  points  (see  pages  491  and  496) 

■  they  give  power.i  under  the  Public  Health  Acts  to  the  S.A. 
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The  Shop  Hours  Acts,  1N92, 1)^93,  aii<l 

are  administered  by  the  County  and  Borough  Councik 
They  contain  no  sanitary  provisions,  but  regulate  the 
hours  of  employment  of  young  persons  under  18, 
whether  wholly  in  a  shop  or  partly  also  in  a  factory 
or  workshop.  The  total  number  of  hours,  including 
meal  hours,  must  not  exceed  74  in  any  week,  and  a 
notice  of  this  limit  must  be  kept  alfixed  in  the  shop. 
"  Shops "  include  warehouses  and  licensed  public 
houses  and  refreshment  houses  of  all  kinds.  A  further 
Act  (Seats  for  Shop  Assistants  Act,  1S99)  requires 
one  seat  to  be  provided  for  every  three  female 
assistants. 

The  Eiiiploymciit  of  Children  Act,  1003,  en- 

ubles  urban  S.A.'s  with  a  population  over  20,000  (or,  in  the 
case  of  boroughs  over  10,000,  and  elsewhere  the  County 
Council)  to  make  byelaws  regulating  the  employment  of 
children  under  14  (not  under  the  Factory,  or  Mines  Acts)  and 
street  trading  by  persons  under  16 ;  it  forbids  carrying  of 
heavy  weights  or  other  injurious  occupation,  street  trading  by 
children  under  11,  and  (in  general)  work  between  9  p.m.  and 
6  a.m. ;  but  as  regards  children  emploj'ed  in  mines,  factories, 
and  workshops,  these  provisions  are  administered  by  Home 
Office  Inspectors  only. 

Under  the  Prevention  of  Cruelly  to  Children 
Act,  1904,  the  S.A.  are  charged  with  the  duty  of  seeing 
to  the  observance  of  the  conditions  of  licences  granted  by  a 
Court  for  the  employment  of  children  over  10  in  public 
entertainments. 

The  Workmen's  Compensation  Act,  1906, 

deals  with  certain  industrial  diseases  as  well  as  accidents. 
Where  (a)  the  Certifying  Surgeon  (or  other  practitioner 
appointed  by  the  Home  Secretary  for  the  purpose)  certifies 
that  a  workman  is  suffering  from  a  disease  named  below,  and 
thereby  disabled  from  earning  full  wages  at  the  work  on  which 
he  was  employed,  or  (A)  a  workman  is  suspended  in  pursuance 
of  Regulations  or  special  Rules  from  his  usual  employment  on 
account  of  having  contracted  such  a  disease,  or  (c)  the  death 
of  a  workman  is  caused  by  such  a  disease,  claim  to  compensa- 
tion arises  if  the  disease  can  be  shown  io  be  due  to  the  nature 
of  the  employment.  In  certain  specified  cases  (col.  2)  this 
industrial  cq.usation  is  assumed,  unless  the  Certifying  Surgeoa 
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:ertifies,  or  the  employer  proves,  the  contrary.  Additions  to 
;he  Act  can  be  made  by  order  of  the  Home  Secretary, 


Disease. 
(1) 


PPoisoiiing  (or  the  sequelje  of  such 
poisoning)  by — 
Ijead  ^ 
Mercury 
Phosphorus 
Areenic 

Carbon  bisuli)hide 
Nitvo-  and  amido-derivatives  of 
benzene  {e.g.  anilin,  di-nitro- 
benzol) 

Nitrous  fumes  "(^ 
Nickel  carbonyl  ) 
African  boxwood 
(Gonioma  Kamassi) 
AAntlirax 

CChrome  ulceration,  or  its  sequelse 

BEczeniatous  ulceration  of  the  skin, 
produced  by  dust  or  caustic  or 
corrosive  liquids 
I  Ulceration  of  the  nose  or  mouth  | 

produced  by  dust 
EEpithelioma  of  the  skin  or  cornea 
due  to  pitch  tar  or  tariy  com- 
pounds 
EEpithelioma  of  the  scrotum 
i-61anders 


I  Compressed    air    illness  (caissou 

disease) 
NNystagiuus 
"  Beat  hand  "  subcutaneous 
•'  Reat  knee  "  j  cellulitis 
r.i  at  elbo\v(acute  bursitis) 
Synovitis  of  wrist  joint  and  tender 
sheaths 

Ankylostomiasis  y 


Processes. 
(?) 


Any  process  involving  the  use.  of 
these,  or  their  preparations  or 
compounds 


Any  process  in  which  these  gases 

are  evolved 
Manufacturing  articles  therefrom 

Handling  of  wool,  hair,  bristles, 

hides,  skins 
Use  of  chromic  acid,  or  bichromates, 

or  their  preparations 


Handling  or  use  of  pitch  tar  or  tarry 
compounds 

Chimney-sweeping 

Care  of  any  equine  animal  sufTerins^ 

from   glanders ;    handling  the 

carcase  of  such  animal 
Work  in  compressed  air 


Mining 


T 
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CHAPTER  XX 

BYELAWS  AND  REGULATIONS 

Byclaws,  having  the  force  of  law,  may  be  made 
by  Sanitary  Authorities  for  the  better  government  of 
their  districts,  but  only  in  respect  of  certain  matters, 
and  under  certain  conditions,  expressly  stated  in 
the  Acts  of  Parliament.  They  are  designed  to 
supplement,  not  to  summarise,  vary,  or  supersede, 
the  express  provisions  of  the  statute  law.  It  is,  of 
course,  quite  open  to  any  S.A.  to  append  to  their  bye- 
laws  a  statement  or  summary  of  the  requirements  of 
the  statute  law  bearing  upon  the  same  matters.  In 
some  cases  this  course  is  advised  by  the  L.G-B.  Bye- 
laws  must  be  reasonable,  and  must  not  in  any  particular 
be  repugnant  to  the  provisions  of  the  general  law. 
They  have  (as  a  rule)  no  force  until  approved  by  the 
L.G.B.  Any  byelaw  may  be  altered  or  repealed  by  a 
subsequent  byelaw.  In  framing  byelaws,  a  S.A.  should 
impose  reasonable  penalties,  not  exceeding  £5  for  each 
offence  ;  and  in  the  event  of  a  continuing  offence,  a 
further  penalty  not  exceeding  £2  per  day. 

Urban  authorities  are  empowered  to  make  bye- 
laws  as  follows  : — 

1.  Private  scavenging. — For  imposing  upon  occu- 
piers the  duty  of  cleansing  pavements  and  footways, 
of  removing  house-refuse,  and  of  cleansing  earth-closets, 
ashpits,  privies,  and  cesspools.  Such  byelaws  are  only 
to  be  made  if  the  S.A.  do  not  undertake  or  contract 
for  these  matters  *  (Public  Health  Act,  1875,  s.  44).  ^ 

2.  Prevention  of  nuisances. — For  the  prevention  of  !  ^ 
nuisances  arising  from  snow,  filth,  dust,  ashes,  and  | 

♦  But  see  the  Public  Health  Acts  Amendment  Act,  1890,  p.  508.  { 
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i  -ubbish.  For  the  prevention  of  the  keeping  of 
t  mimals  on  any  premises  so  as  to  be  injurious  to  health 
i  Public  Health  Act,  1875,  s.  44). 

;      3.  Common   lodging-houses. — For  regulating  the 

I  lumber  of  lodgers  and  the  separation  of  the  sexes  ; 

'  or  promoting  cleanliness  and  ventilation  ;  for  giving 
lotice  and  taking  precautions  in  case  of  infectious 
lisease  ;  and  for  the  general  well-ordering  of  such 
;  louses  (Public  Health  Act,  1875,  s.  80). 

4.  Houses  let  in  lodgings. — For  regulating  the 
lumber  of  persons  and  separation  of  the  sexes  in  a 
louse  or  part  of  a  house  let  in  lodgings  or  occupied 
jy  members  of  more  than  one  family ;  for  the 
•egistration  and  inspection  of  such  houses  ;  for  drain- 
.ige,  privy  accommodation,  cleanliness  and  ventilation  ; 
or  cleansing  and  whitewashing  at  fixed  times  ;  for 
)aving  of  yards  ;  and  for  giving  notice  and  taking 
jrecautions  in  case  of  infectious  disease  *  (Public 

i  health  Act,  1875,  s.  90).     The  Merchant  Shipping 
Fishing  Boats)  Act  of  1883  gives  power  to  the  S.A. 

i  o  make  byelaws    for   the  regulation  of  seamen's 

j  odging -houses. 

\  5.  Ho2>pickers. — For  securing  the  decent  lodging 
j:  md  accommodation  of  persons  engaged  in  picking 
I  lops  (Public  Health  Act,  s.  314). 

;       6.  Fruit-pickers. — For  securing  the  decent  lodging 
i  aid  accommodation  of  persons  engaged  in  picking  fruit 
j  md  vegetables  [Public  Health  (Fruit-pickers)  Act 
I  .882]. 

!  7.  Tents  and  vans. — For  promoting  cleanliness  in, 
}  lud  habitable  condition  of,  tents,  vans,  sheds,  and 
[  limilar  structures  used  for  human  habitation ;  for  pre- 

I  *  The.  M-O.H.  must  on  request  inspect  any  house  wholly  let  in 

j  •  neinents  at  rents  not  exceeding  7s.  6tl.  weekly,  and  (if  satisfied)  certify 

I  liat  the  accommodation  and  sanitary  arrangements  are  suitable.  Tlie 

'  tfect  is  to  exempt  from  Inhabited  House  Duty.    The  S.A-  may  appoint 

I  iHother  practitioner,  qualified  to  act  as  M.O.H.)  to  give  such  certilicate 

I  Customs  and  Inland  Uevenue  Act,  1890). 
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venting  the  spread  of  infectious  disease  by  the  occu- 
pants thereof ;  and  generally  for  the  prevention  of 
nuisances  in  connection  with  the  same  (Housing  of 
the  Working  Classes  Act,  1885). 

8.  New  streets  and  buildings. — With  respect  to  the 
level,  width,  construction,  and  sewerage  of  new  streets  ; 
with  respect  to  the  structure  of  walls,  foundations, 
roofs,  and  chimneys  of  new  buildings,  for  securing 
stability  and  for  the  prevention  of  fires,  and  for  puj-- 
poses  of  health ;  with  respect  to  ventilation,  and 
sufficiency  of  air-space  about  buildings  ;  with  respect 
to  drainage,  closets,  ashpits,  and  cesspools  ;  with 
respect  to  the  depositing  of  plans  and  sections  of  pro- 
posed new  streets  and  buildings  ;  with  respect  to  the 
power  of  the  Authority  to  remove,  alter,  or  pull  down 
any  work  begun  or  done  in  contravention  of  the  bye- 
laws  ;  and  with  I'espect  to  the  closure  of  buildings 
unfit  for  habitation  *  (Public  Health  Act,  1875,  s.  157). 

9.  Mortuaries. — ^For  the  regulation  of  charges  and 
management  of  public  mortuaries  (s.  141). 

10.  Cemeteries. — For  the  regulation  of  charges  and 
management  [Public  Health  (Interments)  Act,  1879]. 

11.  Slaughter-houses. — For  the  licensing,  register- 
ing, and  inspection  of  slaughter-houses  and  knackers' 
yards  ;  for  preventing  cruelty  therein  ;  for  cleanliness 
and  daily  removal  of  filth  ;  and  for  providing  a  supply 
of  water  (Public  Health  Act,  1875,  s.  169). 

12.  Offensive  trades. — For  preventing  or  diminish- 
ing the  noxious  or  injurious  eflfects  of  any  oflfensive 
trades  (Public  Health  Act,  1875,  s.  113). 

13.  Markets  and  fairs. — For  pi-eventmg  nuisances 
in  markets  and  fairs  ;  for  inspection  of  slaughter- 
houses, and  daily  removal  of  refuse  therefrom  ;  for 
preventing  the  sale  or  exposure  for  sale  of  unwhole- 
some provisions  ;  and  for  many  other  pur])oses 
(Public  Health  Act,  1875,  s.  167). 

*  For  further  powers,  see  pages  S09  and  587. 


Chap.  XX.] 


Urban  Byelaws. 


581 


14.  Open  spaces. — For  the  regulation  of  public 
walks  and  pleasure  grounds  (Public  Health  Act,  s. 
164).    For  the  regulation  of  any  open  space,  chiirch- 

ai'd,  cemetery,  or  burial  ground  over  which  the  S.A. 
has  control  (Open  Spaces  Act,  1887). 

15.  The  Municipal  Coi'porations  Act,  1882,  s. 
■J 3,  gives  power  to  the  Council  of  a  borough  to 
make  byelaws  for  the  prevention  and  suppression  of 
iiuisances  not  already  punishable  in  a  summary  manner 
l>y  virtue  of  any  Act  in  force  throughout  the  borough. 
<  *ounty  Councils  have  similar  power  under  the  16th 
-I'ction  of  the  Local  Government  Act,  1888. 

16.  For  the  regulation  of  buildings  j)Tovided  under 
ihe  Housing  of  the  Working  Classes  Acts. 

17.  By  adopting  certain  portions  of  the  Public 
Health  Acts  Amendment  Act,  the  S.A.  may  make 
byelaws  as  to  public  conveniences  provided  by  them  ; 
and  also  additional  byelaws  as  to  neio  (and  old) 
buildings,  removal  of  liouse-refuse,  and  prevention  of 
Iiuisances  (page  509). 

18.  For  means  of  escape  from  fire  in  factories  and 
workshops  (Factory  and  Workshop  Act,  1901,  s.  15). 

Rural  Authorities  have  similar  powers  in  respect 
of  the  following  : — 

Private  Scavenging  (1,  17). 
Common  Lodging-houses  (3). 
Houses  let  in  Lodgings,  and 

.Seamen's  Lodging-houses  (4). 
Hop-pickers  (5). 
Fruit-pickers  (6). 


Tents  and  Vans  (7) . 

Mortuaries  (9). 

Means    of   escape  from 

fire,  in  factories  and 

workshops  (18). 


And  also  under  the  Housing  of  the  Working  Classes 
Acts  (16).  By  adopting  portions  of  the  Public  Health 
Acts  Amendment  Act,  they  can  make  certain  byelaws 
as  to  new  (and  old)  buildings  (8,  17).  The  Ii.G.B.  may 
confer  u}>on  them  any  other  powers  as  to  byelaws  which 
the  Public  Health  Acts  give  to  Urban  Authorities 
(Public  Health  Act,  1875,  s.  276). 
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Byelaws  as  to  common  lodging-houses  must  be 
made  by  every  S.A.,  and  as  to  slaughter-houses  by 
every  urban  S.A. ;  the  rest  are  optional. 

Any  S.A.  may  make  regulations  under  the  Dairies 
Order  (see  p.  544). 

A  S.A.  may  make  regulations  (to  be  approved 
by  the  L.G.B.)  for  the  removal  to  hospital,  and 
detention  in  hospital  as  long  as  necessary,  of  per- 
sons brought  within  their  district  by  ship  or  boat, 
and  infected  with  any  dangerous  infectious  disorder 
(Public  Health  Act,  s.  12.5).  They  may  also 
make  regulations  for  the  management  of  places  pro- 
vided by  them  for  post-mortem  examinations  ordered 
by  a  coroner. 

Model  Byelaws  have  been  prepared  by  the 
L.G-.B.  in  respect  of  certain  of  the  matters  upon  which 
S.A.  have  power  to  frame  byelaws.  The  following 
have  been  issued  up  to  the  present  time : — 


Private  Scavenging. 
Prevention  of  Nuisances. 
Common  Lodging-houses. 
New  Streets  and  Buildings. 
Markets. 

Slaughter-houses. 
Hackney  -  carriages . 
Puhlic  Bathing. 
Baths  and  Wash-houses. 


Pleasure  Grounds. 
Horses,  etc.,  let  for  Hire. 
Pleasure-hoats. 
Houses  let  in  Lodgings. 
Cemeteries. 
Mortuaries. 
Offensive  Trades. 
Hop-pickers. 

Means  of  escape  from  fire,  in 
factories  and  workshops. 


These  Models*  are  now  very  generally  adopted, 
with  occasional  slight  modifications,  by  S.A.  seeking 
to  frame  byelaws.  The  following  summary  includes 
only  those  which  have  a  more  direct  bearing  upon 
sanitary  matters  : — 

1.  Private  Scavenging.t — The  occupier  of  any 
premises  must  cleanse  the  footways  and  pavements 

*  The  semi-offlcial  Annotated  Model  Byelaws  (Knight  and  Co.)  contains 
many  important  notes,  ntlditiuns,  and  illustrations. 

t  Applicable  to  districts  where  the  S.A.  do  not  undertake  these  duties. 
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adjoining  bis  premises  daily  except  Sunday.  He  must 
remove  the  house-refuse  orice  a  week^  and  excreta  at 
intervals  not  exceeding  the  following  maximum 
limits  : — 

Must  be  cleansed  at  least — 
Eurth-closets,  with  fixed  i-eceptacle      .    once  in  three  months 

„    movable   „  .    once  a  week, 

Pri  \des,  whetlier  the  I'eceptacles  are  fixed  1  i 
or  movable      ....       .  |  once  a  week. 

Ashpits,  whether  receiving  excreta  or  1  i 

°  v  once  a  week. 

Cesspools  once  in  three  months, 

2.  Prevention  of  JVuisances. 

(«)  Clearing  away  snow. — The  occupier  of  any 
premises  must  clear  away  snow  from  the  footways  and 
pavements  adjoining  his  premises,  as  soon  as  possible 
after  it  ceases  to  fall. 

(b)  Scavenging. — The  refuse  from  any  premises 
shall  only  be  removed  in  a  suitable  covered  receptacle 
or  carriage  ;  and  if  from  premises  within  20  yards  of 
any  dwellings  pubhc  building,  or  place  of  business 
only  between  [7.0  and  9.30  a.m.]  from  November  to 
February,  and  between  [6.0  and  8.30  a.m.]  from  March 
to  October.  Refuse  must  not  be  deposited  upon  any 
road,  and  any  refuse  accidentally  falling  upon  a  road 
must  be  immediately  gathered  up  and  the  place 
cleansed. 

(c)  Deposit  of  nightsoil  and  other  refuse. — No 
load  of  filth  must  be  deposited  for  more  than  [24] 
hours  within  [100]  yards  of  any  street,  dwelling, 
public  building,  or  place  of  business.  Nightsoil  de- 
posited for  agricultural  purposes  upon  land  within 
[100]  yards  of  a  street,  dwelling,  etc.,  and  not  deodor- 
ised, must  at  once  be  dug  or  ploughed  into  the  ground. 

{d)  Keeping  of  animals.  —  Swine  must  not  be 
kept  within  [100]  feet  of  any  dwelling,  nor  cattle 
where  they  may  pollute  water  likely  to  be  used 
for  drinking,  domestic,   or  dairy  purposes,  or  for 


584        Hygiene  and  Public  Health.  [Chap.  xx. 


manufacturing  drinks.  The  same  prohibitions  apply 
to  storage  of  dung.  Premises  wherein  are  kept  any 
swine,  cattle,  horses,  etc.,  must  be  provided  with 
proper  receptacles  for  manure,  and  with  efficient 
drainage ;  the  receptacle  must  be  watertight,  covered, 
and  entirely  above  the  level  of  the  ground,  and  it 
must  be  cleansed  at  least  once  a  week  ;  the  drain  must 
be  properly  constructed  and  kept  in  order  at  all  times, 
so  as  to  convey  all  liquid  filth  to  a  sewer,  cesspool,  or 
other  suitable  recepta,cle. 

3.  Common  L.odg^ing^-hoii«es. 

(a)  Number  of  lodgers. — The  S.A.  may  specify  by 
notice  in  writing  the  maximum  number  of  lodgers  to  be 
accommodated  in  each  room,  and  the  keeper  must  not 
allow  this  number  to  be  exceeded  ;  notice  stating  the 
maximum  number  allowed  must  be  exhibited  in  each 
room.*  The  S.A.  may  vary  the  number  from  time 
to  time  by  further  notice. 

(6)  Separation  of  sexes. — In  general  no  person 
above  ten  years  of  age  must  occupy  the  same  sleeping- 
room  as  persons  of  the  opposite  sex,  but  rooms  may 
be  set  apart  for  the  sole  use  of  married  couples,  to  the 
exclusion  of  other  persons  over  ten  years  of  age,  on 
condition  that  every  bed  is  screened  off.  No  bed  must 
be  occupied  by  more  than  one  male  above  ten  years 
of  age. 

(c)  Cleanliness  of  2>')'emises. — The  yards,  etc.,  must 
be  kept  clean  and  in  good  order ;  all  floors  swept  daily 
and  washed  once  a  week ;  all  windows,  painted  sur- 
faces, and  fittings  of  wood,  stone,  or  metal,  kept  clean. 

{d)  Closets  must  be  kept  clean  and  in  good  and 
efficient  order. 

(e)  Ashpits  must  be  kept  clean  and  in  good  order. 
No  filth  or  wet  refuse  must  be  thrown  into  ashpits 
designed  for  dry  refuse  only. 

*  It  is  usual  to  require  at  least  300  cubic  feet  of  air-spacs  per  head,  but 
to  count  two  children  as  one  adult. 
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(/)  Management  of  sleejnng-rooms. — The  windows 
rmusfc  be  opened  fully  for  an  hour  in  the  morning, 
land  an  hour  in  the  afternoon,  except  in  case  of  stress 
tDf  weather  or  occupation  of  the  room  by  a  sick  person, 
lor  other  sutficient  cause.  Beds  must  be  stripped  of 
•blothes  and  exposed  freely  to  the  air  for  an  hour 
•each  day,  and  must  not  be  reoccupied  within  eight 
Kiours  after  being  vacated.  All  refuse  and  slops  must 
x)e  removed  every  day  before  10  a.m.,  and  all  utensils 
;bleansed  daily.  Every  sleeping-room  must  be  provided 
with  suflScient  bedsteads,  beds,  bedclothes,  and  utensils, 
\lox  the  use  of  the  maximum  number  of  lodgers  to  be 
ireceived  therein. 

((/)  Facilities  for  washing. — A  sufficient  supply  of 
(Suitable  basins,  water,  and  towels  must  be  provided 
(for  the  use  of  lodgers  ;  and  must  be  kept  clean  and 
^renewed  as  required. 

{h)  Precautions  in  respect  of  infectiotts  diseases. — 
llf  the  keeper  finds  that  any  lodger  is  suffering  from 
lan  infectious  disease,  he  must  at  once  take  all  neces- 
ifiary  precautions.  No  person,  except  a  relative  or 
^attendant,  must  occupy  the  same  room  as  the  sick 
>person.  If  the  patient  is  removed  to  hospital  by 
tithe  S.A.  the  keeper  must  afford  all  facilities  for 
rrremoval  and  must  adopt  all  precautions  directed  by 
t  the  M.O.H. 

He  must,  if  required  by  the  M.O.H.  to  do  so, 

utemporarily  cease  to  receive  lodgers  into  any  infected 
r  room.  At  the  end  of  the  case  by  removal,  recovery, 
c  or  death,  the  keeper  must  at  once  give  notice  to  the 

I  M.O.H.  and  must  cleanse  and  disinfect  every  part  of 
t'the  infected  rooms  and  their  contents,  and  in  doing  so 
t<raust  comply  with  all  instructions  of  the  M.O.H. 
VWhen  the  cleansing  and  disinfection  are  completed, 
ihe  must  give  notice  thereof  to  the  M.O.H.,  and  must 
imot  receive  any  lodger  into  the  rooms  in  question 

II  until  two  days  after  such  notice  has  been  given. 
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(i)  A  copy  of  the  hyelaws  in  force  "vvitli  respect  to 
Common  Lodging-Houses,  supplied  by  tlie  S,A., 
must  be  exhibited  in  some  conspicuous  place  in  tlie 
house,  and  roust  not  be  concealed,  altered,  obliterated 
or  injured. 

As  some  of  the  most  important  regulations  regarding 
common  lodging-houses  are  contained  in  the  Public  Health 
Act,  and  are,  therefore,  omitted  in  the  byelaws,  it  is  desirable 
that  a  statement  of  the  provisions  of  sections  75  to  89  of  the 
Public  Health  Act  should  accompany  the  copy  of  byelaws 
supplied  to  each  common  lodging-house. 

As  regards  the  question  of  the  suitability  of  any 
particular  premises  or  particular  rooms  for  registration, 
a  memorandum,  issued  by  the  L.G.B.,  points  out  that 
a  common  lodging-house  should,  in  the  fii'st  place, 
possess  the  conditions  of  wholesomeness  needed  for 
houses  in  general,  and  secondly,  that  it  should  have 
arrangements  fitting  it  for  the  special  purpose  of  re- 
ceiving a  given  number  of  lodgers.  Inside  walls  should 
not  be  papered.  Every  registered  room  should  have 
special  means  of  ventilation  (by  chimney  if  possible), 
and  a  window  opening  freely  and  dii-ectly  upon  the 
outer  air.  There  should  be  kitchen  and  day-room 
accommodation  apart  from  the  bedrooms.  Rooms 
partially  underground  should  not  be  registered  as  sleep- 
ing rooms.  There  should  be  a  supply  of  pure  water 
allowing  at  least  ten  gallons  per  head  per  day  for  the 
maximum  number  of  inmates,  and  one  closet  for  eveiy 
twenty  registered  lodgers.  Wherever  practicable, 
there  should  be  a  separate  place  for  washing,  not  in 
the  bedrooms,  with  fixed  basins  and  trapped  and  dis- 
connected waste-pipes. 

4.  IVcw  Streets  and  Biiil<ling:s. 
•  ia)  Streets. — No  new  street  must  be  less  than  36 
feet  wide,  if  it  exceeds   100  feet  in  length  or  is 
intended  to  be  a  carriage  road  :  nor  less  than  24 
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feet  in  any  case.  One  end  at  least  must  be  quite 
o[)en. 

ih)  Sites. — No  buildings  must  be  erected  upon 

<  soil  polluted  with  animal  or  vegetable  matter.  Sites 
i  in  low  and  damp  situations,  near  rivers  or  in  exca- 
'  rations,  must  be  elevated  artificially.  The  site  of  a 
I  new  house  must  be  entirely  asphalted  or  covered  with 
'  6  inches  of  concrete. 

(c)  Walls  of  all  new  buildings  must  be  constructed 
I  of  good  bricks,  stone,  or  other  hard  and  incombustible 
!  materials,  properly  bonded  and  solidly  put  together 
■  with  good  mortar  compounded  of  good  lime  and  clean 
!•  sharp  sand  or  other  suitable  material,  or  with  good 

<  cement,  or  with  good  cement  mixed  with  clean  sharp 
5  sand.    Every  wall  must  have  a  proper  damp  course 

•  of  durable  and  impervious  material  beneath  the  level 

•  of  the  lowest  timbers  and  at  least  6  inches  above  the 
ground.  If  the  ground  is  to  be  in  contact  with  a  wall 
iibove  the  level  of  the  floor  of  the  lowest  storey,  that 
wall  must  be  made  double,  with  a  cavity  2|  inches 
wide  extendms:  from  the  base  of  the  wall  to  6  inches 
above  the  surface  of  the  adjoining  ground  ;  and  damp 
courses  must  be  inserted  both  at  the  base  of  the 
wall  and  at  the  level  of  the  top  of  the  cavity.  Walls 
of  new  houses  must  be  at  least  9  inches  thick,  increas- 
ing according  to  a  prescribed  scale  when  the  height 

:  is  oreater  than  25  feet,  or  the  leno-th  greater  than 
30  feet.  Party-walls  must  be  carried  up  at  least  15 
inches  above  the  roof,  the  distance  to  be  measured  at 
light  angles  to  the  slope  of  the  roof  The  L.G.B. 
now  permit  certain  modifications  in  the  byelaws  for 
buildings  in  rural  districts.  (Circular,  bth  Jan.  1906). 

(d)  Hoofs  must  be  made  of  incombustible  materials, 
and  provided  with  gutters  leading  to  rain-pipes. 

(e)  Open  space. — A  new  house  must  have  along 
1  its  whole  frontage  an  open  space  measuring  at  least 
:  24  feet  to  the  boundary  of  any  land  or  premises 
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immediately  opposite  or  to  the  opposite  side  of  the 
street.  In  the  rear  there  must  be  an  open  space 
exclusively  belonging  to  the  house,  at  least  150 
square  feet  in  area,  and  free  from  any  erection  above 
the  ground  level  except  a  closet  and  an  ashpit ;  the 
open  space  miist  extend  along  the  entire  width  of  the 
house,  and  must  measure  in  no  case  less  than  10  feet 
from  every  pai-t  of  the  back  wall  of  the  house  ;  if  the 
house  is  15  feet  high,  the  distance  must  be  15  feet; 
if  25  feet,  then  20  feet,  and  if  35  feet  or  more,  then 
25  feet  at  least. 

(/)  Ventilation  beneath  floors. — If  the  floor  of  the 
lowest  storey  is  boarded,  there  must  be  a  clear  space  of 
at  least  3  inches  between  the  boards  and  the  impervious 
covering  of  the  site,  and  the  space  must  be  ventilated. 

ig)  Windows  opening  directly  into  the  external 
air  must  be  provided  in  every  habitable  room.  The 
window  area  must  be  at  least  one-tenth  of  the  floor 
area ;  at  least  half  of  each  window  must  be  made  to 
open,  and  it  must  open  at  the  top. 

(A)  Ventilation.  —  Every  habitable  room  must 
either  have  a  fireplace  and  chimney,  or  a  special 
ventilating  aperture  or  air-shaft  with  an  unobstructed 
sectional  area  of  at  least  100  square  inches.  Every 
new  building  must  be  provided  with  adequate  means 
of  ventilation.* 

(i)  Drainage. — Damp  sites  must  be  drained  by 
earthenwai-e  field  pipes  properly  laid  to  a  suitable 
outfall,  but  not  directly  communicating  with  any 
sewer  or  cesspool  or  drain  containing  seAvage.  Rain- 
pipes  must  be  provided  to  carry  away  all  water  falling 
on  the  roof  without  causing  dampness  of  the  walls  or 
foundations.  The  level  of  the  lowest  storey  must  be 
such  as  to  allow  of  the  construction  of  a  di*ain  sufficient 

*  The  semi-offlcial  Modol  Byelaws  niidor  the  Public  Health  Acts 
Amendment  Act  prescribe  a  minimum  height  of  9  feet  in  every  part, 
except  in  attics  used  as  bedrooms,  when  a  minimum  height  of  5  feet  is 
permitted,  if  in  two-thirds  of  the  area  tlie  height  is  not  less  than  9  feet. 
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for  the  drainage  of  the  building  communicating  with 
a  sewer  at  a  point  above  the  centre  of  the  sewer.  All 
drains  for  sewage  must  be  made  of  impervious  pipes 
■4  inches  or  more  in  internal  diameter,  laid  with  a 
proper  fall  in  a  bed  of  concrete,  and  with  watertight 
joints.  Every  drain  inlet  not  intended  for  ventilation 
must  be  trapped.  No  drain  conveying  sewage  must 
pass  under  a  building  unless  no  other  mode  of  con- 
struction is  practicable ;  in  that  case  it  must  be  laid  in 
a  direct  line  for  the  whole  distance  beneath  the  house, 
and  must  be  embedded  in  and  covered  with  concrete 
6  inches  thick  all  round,  and  must  be  laid  at  a  depth 
below  the  surface  at  least  equal  to  its  diameter,  and, 
lastly,  must  be  ventilated  at  each  end  of  the  portion 
beneath  the  building.  The  main  drain  must  be 
trapped  at  a  point  within  the  curtilage,  but  as 
distant  as  practicable  from  the  building.  Branch 
drains  must  join  other  drains  obliquely  in  the  direction 
of  flow. 

Ventilation  of  drains. — There  must  be  at  least 
two  untrapped  ventilating  openings  into  the  drains, 
according  to  one  of  the  following  alternative  arrange- 
ments : — (1)  One  opening  consists  of  a  shaft  or  dis- 
connecting chamber  opening  at  or  near  the  ground 
level,  and  situated  as  close  as  possible  to  the  trap 
specified  above,  but  on  the  house  side  of  it ;  the  other 
opening  is  a  pipe  or  shaft  carried  from  a  point  as  far 
distant  as  possible  from  the  said  trap  (i.e.  as  near  as 
possible  to  the  head  of  the  drain)  vertically  upwards 
in  such  manner  and  to  such  height  (in  no  case  less 
than  10  feet)  as  to  prevent  any  escape  of  foul  air  into 
any  building  ;  but  (2)  if  more  convenient,  the  relative 
positions  of  these  openings  may  be  reversed,  the  shaft 
being  placed  near  the  trap,  and  the  opening  at  the 
ground  level  at  the  head  of  the  drain.  The  ground- 
level  opening  must  have  a  grating,  with  apei'tures 
equal  in  total  area  to  the  sectional  area  of  the  drain. 
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The  pipe  or  shaft  at  the  other  end  of  the  drain 
(whether  used  as  a  soil  pipe  or  not)  is  required  to 
have  a  sectional  area  equal  to  that  of  the  drain,  and  in 
no  case  less  than  4  inches  ;  and  bends  and  angles  are 
to  be  avoided  as  far  as  practicable. 

{li)  Disconnection  of  drains  from  hoitse.  —  No 
drain  inlet  is  permitted  within  a  building  except  the 
inlet  necessary  for  a  water-closet.  Every  soil  pipe 
must  be  at  least  4  inches  in  diameter,  must  be  placed 
outside  the  building,  and  must  be  continued  upwards 
in  full  diameter  without  bends  or  angles  (except  where 
unavoidable),  to  such  a  height  and  such  a  point  as  to 
afford  a  safe  outlet  for  sewer  air.  There  must  be  no 
t;rap  between  the  soil  pipe  and  the  drain  to  which  it 
leads,  nor  in  any  part  of  the  soil  pipe  except  such  as 
may  be  necessary  in  the  construction  of  the  water- 
closet;  The  waste  pipe  from  a  slop  sink  must  conform 
to  the  same  requirements  as  a  soil  pipe.  The  waste 
pipes  from  any  other  sink,  bath  or  lavatory,  the 
overflow  pipe  from  any  cistern  and  fi-om  any  "safe" 
under  a  bath  or  water-closet,  and  every  pipe  for  con- 
veying waste  water,  must  be  taken  through  an  external 
wall  and  must  discharge  in  the  open  air  over  a.  chan- 
nel leading  to  a  trapped  gulley  grating  at  least  18 
inches  distant. 

(l)  Water-closets  must  have  a  window  opening 
directly  into  the  external  air,  and  measuring  '2  feet  by 
1  foot  clear  of  the  frame  ;  and,  in  addition  to  the 
window,  adequate  means  of  constant  ventilation  by 
air-bricks,  air-shafts,  etc.  Such  closets,  if  within  the 
building,  must  adjoin  an  external  wall.  The  water 
must  be  supplied  to  a  water-closet  by  means  of  a 
special  cistern.  The  apparatus  must  be  suitable  for 
effectual  flushing  and  cleansing  of  the  basin ;  the 
'basin  must  be  made  of  non-absorbent  material,  and  of 
such  shape  and  capacity  as  to  receive  and  contain  a 
sufficient  quantity  of  water,  and  to  allow  all  filth  to 
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fall  free  of  the  sides  directly  into  the  water.  "  Con- 
tainers "  and  "  D-traps  "  are  forbidden. 

Earth-closets  are  subject  to  the  same  con- 
ditions as  water-closets  so  far  as  regards  position, 
lighting,  and  ventilation^  Proper  arrangements  must 
be  made  for  the  supply  of  dry  earth,  and  its  effectual 
and  frequent  application  to  the  excreta ;  also  for  con- 
venience of  scavenging,  and  for  exclusion  of  rainfall 
and  di-ainage.  The  receptacle  for  excreta,  whether 
fixed  or  movable,  must  be  so  constructed  as  to  prevent 
absorption  or  escape  of  the  contents,  and  to  exclude 
rainfall  and  drainage ;  if  fixed,  its  capacity  must  not 
be  greater  than  may  suffice  for  {three  months  ?)  nor  in 
any  case  greater  than  i^forty  ?)  cubic  feet,  and  it  must 
in  every  part  be  (three  ?)  inches  above  the  ground. 
(The  maximum  limit  of  size  may  with  advantage  be 
reduced  to  tioo  cubic  feet  in  the  case  of  earth-closets 
})laced  inside  houses.) 

(n)  Privies  must  not  be  erected  within  6  feet  of  ia 
dwelling,  public  building,  or  place  of  business,  nor 
within  (Ji/tT/  ?)  feet  of  any  water  likely  to  be  used 
for  drinking,  or  domestic  purposes,  or  for  manufac- 
turing drinks,  nor  otherwise  in  such  a  position  as  to 
entail  danger  of  the  pollution  of  such  water.  Privies 
must  be  built  so  as  to  admit  of  convenient  scavenging, 
without  carrying  the  contents  through  any  dwelling, 
public  building,  or  place  of  business.  There  must  be 
an  opening  for  ventilation  at  the  top ;  the  floor  must 
be  paved,  and  raised  6  inches  above  the  ground 
in  all  parts,  with  a  fall  of  half  an  inch  per  foot  towards 
the  door.  The  receptacle  may  be  fixed  or  movable. 
If  movable,  as  in  pail-closets,  the  floor  of  the  area 
beneath  the  seat  must  be  flagged  or  asphalted,  and 
raised  3  inches  above  the  ground  level,  and  all  the 
sides  of  the  said  area  must  be  made  of  flag,  slate,  or 
brick,  at  least  9  inches  thick,  and  rendered  in  cement. 
If  the  receptacle  is  fixed,  it  must  be  in  every  part 
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3  inches  above  the  ground  level,  and  its  capacity 
must  not  exceed  8  cubic  feet  ;*  means  must  be  pro- 
vided for  the  application  of  ashes  and  dry  refuse  to 
the  excreta,  and  for  the  exclusion  of  rainfall  and 
drainage,  and  for  convenient  access  for  scavenging  ; 
the  materials  and  construction  must  be  such  as  to 
prevent  absorption  or  leakage,  and  there  must  be  no 
connection  with  any  drain. 

(o)  Aslqnts  must  not  be  constructed  within  6  feet 
of  any  dwelling,  public  building,  or  place  of  business, 
nor  within  (50  1)  feet  of  any  water  likely  to  be  used 
for  drinking  or  domestic  purposes,  etc.,  nor  othei-wise 
in  such  a  position  as  to  entail  danger  of  the  pollution 
of  such  water.  Ashpits  must  be  so  placed  and  con- 
structed as  conveniently  to  allow  of  scavengmg  without 
carrying  the  contents  through  any  dwelling,  pubhc 
building,  or  place  of  business.  The  capacity  must 
not  exceed  6  cubic  feet  or  such  less  capacity 
as  may  suffice  for  a  period  not  exceedmg  one  week. 
The  walls  must  be  of  flag,  slate,  or  brick,  at  least 
9  inches  thick,  and  rendered  inside  with  cement ; 
the  floor  must  be  flagged  or  asphalted,  and  raised  at 
least  3  inches  above  the  ground  level.  The  ashpit 
must  be  roofed  and  ventilated,  and  provided  with 
a  door  so  arranged  as  to  allow  of  convenient  re- 
moval of  the  contents,  and  to  allow  also  of  being 
closed  and  fastened.  The  ashpit  must  not  be  con- 
nected with  any  drain. 

(p)  Cesspools  must  not  be  constructed  within  (50 1) 
feet  of  any  dwelling,  public  building,  or  place  of 
business,  nor  within  (100  ? )  feet  of  any  water  likely 
to  be  used  for  drinking,  or  domestic  purposes,  or  for 
manufacturing  drinks,  or  otherwise  in  such  a  position 
as  to  entail  danger  of  pollution  of  such  water.  Cess- 
pools must  be  so  constructed   and  placed  as  con- 

•  These  dimensions  are  based  upon  the  assumption  of  weekly 
scavenging. 
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veiiiently  to  admit  of  scavenging  and  cleansing  without 
carrying  the  contents  through  any  dwelling,  public 
building,  or  place  of  business.  They  must  not  be 
connected  with  any  sewer.  They  must  be  covered 
over  by  an  arch  or  otherwise,  and  adequately  venti- 
lated ;  and  must  be  constructed  of  brick  in  cement, 
rendered  inside  with  cement,  and  with  a  backing  of 
at  least  9  inches  of  clay. 

{q)  Closure  of  premises  unfit  for  occupation. — The 
S.A.  may  under  certificate  from  the  M.O.H.  or 
Surveyor,  declare  any  building  or  part  of  a  building 

erected  after           unfit  for  habitation,  and  order  it  to 

be  closed  until  rendered  fit  for  habitation.  Oppor- 
tunity must  be  given  to  the  owner  to  show  cause  why 
such  order  should  not  be  made. 

(?')  Plans  and  sections  must  be  submitted,  showing 
in  detail  the  construction  of  all  proposed  new  streets 
or  buildings.  (The  Public  Health  Act,  s.  158,  requires 
that  the  S.A.  shall  signify  their  approval  or  dis- 
approval of  the  plans  within  a  month  after  receiving 
them.) 

{s)  Inspection. — Notice  must  be  given  to  the  Sur- 
veyor of  the  dates  upon  which  work  is  to  be  com- 
menced, and  upon  which  any  sewer,  drain,  or  founda- 
tion is  to  be  covered  up ;  notice  must  also  be  given  of 
the  completion  of  the  work.  Free  access  for  inspection 
must  be  afibrded  to  him  at  all  times  during  the  pro- 
gi'ess  of  the  work. 

(t)  Demolition  of  illicit  works. — If  any  work  to 
which  the  byelaws  apply  is  done  in  contravention  of 

i    such  byelaws,  the  S.A.  are  empowered  to  remove, 

!    alter,  or  pull  down  such  work.* 

j  *  The  Model  Byelaws  contain  no  provision  for  the  .sewerage  of  new 
I  streets,  owinj;  to  the  wide  variation  in  the  conditions  indiflerent  locnlities. 
"  It  may  be  doubted  whether  any  powers,  wliich  under  sucli  bye-laws  niiiy 
be  lawfully  assumed  by  Sanitary  Authorities,  will,  as  regards  extent  and 
efficacy,  compare  witli  the  powers  wliicli  they  derive  from  the  express  pro- 
visions of  the  Public  Health  Act."— L.G.B.  Gircularto  Urban  S.A. 
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5.  Slaii^:litcr-lioiiscs. 

(a)  Licences. — Ai)])lications  for  licence  of  existing 
premises,  or  erection  of  new  slaiigliter-house.s,  must  be 
made  upon  a  specified  form,  and  must  include  full 
particulars  as  to  the  position,  form,  area,  cubic  s})ace, 
etc.,  of  the  buildings  and  appendages ;  materials  and 
construction  of  walls  and  floors ;  means  of  water 
supply,  drainage,  lighting,  and  ventilation  ;  means  of 
access  for  cattle ;  number,  position,  and  size  of  stalls 
or  lairs,  and  number  of  animals  to  be  accommodated 
therein,  distinguishing  oxen,  calves,  sheep,  and  swine. 
The  boundaries  must  also  be  shown,  and,  in  the  case 
of  old  premises,  particulars  as  to  the  ownership  and 
the  applicant's  tenure  must  be  given. 

(6)  Registration. — If  the  S.A..  approve  the  applica- 
tion, a  licence  shall  be  issued  to  the  applicant,  and 
must  be  registered  by  him  at  the  office  of  the  S.A. 

(c)  Inspection. —  Free  access  to  every  slaughter- 
house for  the  purpose  of  inspection  must  be  afforded 
at  all  reasonable  times  to  the  M.O.H.,  Inspector, 
Surveyor,  and  Committees  appointed  by  the  S.A. 

(d)  Water  must  be  supplied  to  every  animal  kept 
in  a  lair  prior  to  slaughter. 

(e)  Mode  of  slaughter. — Cattle  must  be  secured  by 
the  head  so  as  to  be  felled  with  as  little  pain  as  prac- 
ticable. 

(f)  Drainage,  water  siifply,  and  ventilation  must 
be  kept  in  efficient  order. 

{g)  Cleanliness. — The  walls  and  floor  must  be  kept 
in  good  order  and  repair,  and  must  be  thoroughly 
cleansed  within  three  hours  after  any  slaughtering ; 
the  walls  and  ceiling  must  be  limewashed  within  the 
first  ten  days  of  Marcli,  June,  September,  and 
December  respectively. 

(A)  Animals  not  to  be  kept. — No  dog  may  be  kept 
in  a  slaughter-house :  nor  other  animal,  unless  in- 
tended for  slaughter,  upon  the  premises,  and  then  only 


I 
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i  u  proper  lairs,  and  not  longer  than  may  be  necessary 
;  "or  preparing  it  for  slaughter  by  fasting  or  otherwise. 
\  (i)  Removal  of  refuse. — Suitable  vessels  made  of 
(  lon-absorbent  materials,  and  provided  witli  close- 
j  itting  covers,  must  be  provided  for  the  reception  of 
I  jlood,  manure,  garbage,  and  other  refuse;  all  such 
i  natters  must  be  placed  in  these  vessels  immediately 
I  ifter  the  slaughtering ;  the  refuse  must  be  removed 
'  rt'ithin  24  hours,  and  the 'vessels  forthwith  cleansed, 
i  'A.11  skins,  fat,  and  offal  must  be  removed  within  24 
|:  iiours. 
i 

!      "  The  Board  have  considered  that  the  statutory  terms  do 

lot  warrant   regulations  directly  affecting  the  structure 

the  premises.    But  in  the  exercise  of  the  discretionary 

wer  of  licensing  which  has  been  conferred  upon  the  S.A., 
following  rules  as  to  site  and  structure  should  influence 
leir  decision  upon  each  application  for  a  licence  :  — 

"  1.  The  premises          should  not  be  within  100  feet  of  any 

Iwelling-house ;  and  the  site  should  be  such  as  to  admit  of  free 
iitilation  by  direct  communication  with  the  external  air  on 
■  o  sides  at  least  of  the  slaughter-house. 
"  2.  Lairs  for  cattle  in  connection  with  the  slaughter-house 
should  not  be  within  100  feet  of  a  dwelling-house. 

"  3.  The  slaughter-house  should  not  in  any  part  be  below 
Jthe  surface  of  the  ground. 

"  4.  The  approach  to  the  slaughter-house  should  not  be  on 
iian  incline  of  more  than  one  in  four,  and  should  not  be  through 
uany  dwelling-house  or  shop. 

"  5.  No  room  or  loft  should  be  constructed  over  the 
i'ulaughter-house. 

"  6.  The   slaughter-house  should  be  provided   with  an 
<  adequate  tank  or  other  proper  receptacle  for  water,  so  placed 
that  the  bottom  shall  not  be  less  than  six  feet  above  the  level 
of  the  floor  of  the  slaughter-house. 

"  7.  The  slaughter-house  shall  be  provided  with  means  of 
1^  thorough  ventilation. 

I      "  8.  The  slaughter-house  should  be  well  paved  with  asphalte 
Itior  concrete,  and  laid  with  proper  slope  and  channel  towards  a 
•-ndley,  which  should  be  properly  trapped  and  covered  with  a 
I  (ting,  the  bars  of  which  should  not  be  more  than  three- 
ighths  of  an  inch  apart.    Provision  for  the  eflloctual  drainage 
'jI  the  slaughter-house  should  also  be  made. 
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"  9.  The  surface  of  the  walls  in  the  interior  of  the  slaughter- 
house should  be  covered  with  hard,  smooth,  impervious 
material  to  a  sufBcient  height. 

"10.  No  water-closet,  privy,  or  cesspool  should  be  con- 
structed  within  the  slaughter-house.  There  should  be  no 
direct  communication  between  the  slaughter-house  and  any 
stable,  water-closet,  privy,  or  cesspool. 

"11.  Every  lair  for  cattle  in  connection  with  the  slaughter- 
house should  be  properly  paved,  drained  and  ventilated. 

"  No  habitable  room  should  be  constructed  over  any  lair." 
— L.G.B.,  Memorandum. 

6.  Houses  let  in  loilgiiig:s  (or teiienieiits '') 

— (ffl)  Definitions. — A  "  lodging-house  "  is  defined  as 
a  house  or  part  of  a  house  let  in  lodgings,  or  occupied 
by  members  of  more  than  one  family.  The  "  land- 
lord "  is  the  person  letting  such  lodging-house,  or 
entitled  to  receive  the  profits  of  such  letting ;  and  a 
"  lodger  "  is  a  person  to  whom  any  room  or  rooms  in 
such  house,  or  part  of  a  house,  have  been  let  for  his 
use  and  occupation.  (6)  Limitation  as  to  class. — 
(1)  On  a  rent  limit,  say  of  3s.  to  8s.  if  unfurnished, 
or  5s.  to  10s.  if  furnished  ;  or  (2)  where  the  landlord 
resides  on  the  premises,  and  the  letting  is  to  not  more 
than  one  lodger,  (c)  Cubic  space. — A  room  used 
exclusively  as  a  sleeping-apartment  shall  not  be  so 
used  at  any  one  time  by  a  greater  number  of  persons 
than  will  admit  of  the  provision  of  300  cubic  feet 
of  air-space  for  each  person  over  ten  years  of  age, 
and  150  cubic  feet  for  each  person  under  ten 
years.  A  room  not  exclusively  used  as  a  sleeping- 
room  shall  not  be  used  at  any  one  time  by  a  greater 
number  of  persons  than  will  admit  of  the  provision 
of  400  cubic  feet  of  air-space  for  each  person  over 
ten  years  of  age,  and  200  cubic  feet  for  each  person 
under  ten  years,  (d)  Landlord  to  furnish  returns. — 
The  landlord  shall,  if  required  by  the  S.A.,  furnish 
the  following  particulars : — (1)  Number  of  rooms 
in  the  house;  (2)   number  of  rooms  let  in  lodg- 
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I 

!  ings  or  occupied  by  members  of  more  than  one 
i' family;  (3)  the  manner  of  use  of  each  room;  (4) 
1  the  number,  age,  and  sex  of  the  occupants  of  each 
i  room  used  for  sleeping ;  (5)  full  name  of  the  lessee  of 
I  each  room ;  (6)  the  rent  payable  by  each  lessee,  (c) 
j  /ns/)ec<io/i.— Facilities  for  inspection  shall  be  afibrdecl 
pto  the  M.O.H.,  Inspector,  or  Surveyor  at  all  times 
j  by  the  landlord  and  lodgers.     (/)   Closet  accom- 
j  imdation. — The  landlord  shall  provide  sufficient  closet 
j ;  accommodation,  in  the  proportion  of  at  least  one 
I  closet  for  every  twelve  persons  of   the  maximum 
number  of  lodgers  allowed  by  the  byelaws,  and  main- 
tain the  closets  and  all  necessary  appurtenances  in 
efficient  order.    All  closets  must  be  kept  clean,  and 
supplied  with  dry  earth  (if  earth-closets)  or  water  (if 
water-closets)  as  required.*    {g)  Ashjnts  must  be  main- 
i  tained  in  repair  by  the  landlord,  and  must  be  kept 
!  clean ;  no  filth  or  wet  refuse  must  be  thrown  into  an 
1  ashpit  designed  for  dry  refuse  only,    (h)  Cleanliness 
of  rooms. — The  floors  of  all  rooms  must  be  swept 
daily,  and  washed  every  week.    All  windows,  all 
wood,  stone,  or  metal  fixtures,  and  all  painted  surfaces 
i  must  be  kept  clean.    All  solid  or  liquid  filth  or  refuse 
must  be  removed  from  every  room  every  day,  and  all 
\  receptacles  thereof  cleansed,    {i)  Keeinng  of  animals. 
— No  animal  must  be  kept  upon  the  premises  in  such 
manner  as  to  render  the  premises  filthy,    (j)  Water 
storage. — All  cisterns  for  storing  water  must  be  kept 
clean,    {k)  Ventilation. — The  landlord  must  maintain 
in  efficient  order  the  means  of  ventilation  of  all  parts 
of  the  house.    (J)  Annual  cleansing  of  premises. — 

Every  year,  in  the  first  week  of  the  month  of   

the  landlord  must  cleanse  every  part  of  the  premises, 
and  whitewash  the  ceilings  and  walls  throughout  the 

*  If  I  he  byelaws  respecting  new  streets  and  buildings  are  not  in  force 
in  the  district,  those  of  them  which  refer  to  the  construction  of  closets 
iniiy  be  introduced  liere. 
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house,  except  surfaces  to  which  limesvashing  may  be 
unsuitable,  and  these  must  be  cleansed  and,  if  necessary, 
painted.  (m)  Yard  and  open  spaces. — The  yard  and 
all  open  spaces  must  be  kept  clean  and  in  good  order. 
The  yai^d  must  have  a  bard,  impervious  pavement  laid 
upon  concrete,  and  sloped  to  a  channel  leading  to  a 
trapped  gulley  grating ;  all  these  must  be  kept  in  repair 
by  the  landlord,  {n)  Ventilation  of  sleejnng -rooms. — 
The  window  of  every  sleeping-room  shall  be  kept  open, 
for  an  hour  in  the  forenoon  and  an  hour  in  the  after- 
noon, except  in  case  of  stress  of  weather,  or  occupation' 
of  the  room  by  a  sick  person,  or  other  sufl&cient  reason, 
(o)  Infectious  diseases. — The  landlord  must  imme- 
diately give  written  notice  to  the  M.O.H.  if  he  learns 
that  any  person  in  the  house  is  ill  of  an  infectious 
disease.  A  lodger  must  immediately  give  written 
notice  to  the  M.O.H. ,  and  verbal  or  written  notice 
to  eveiy  lodger  in  the  house,  if  he  has  reason  to 
believe  that  any  occupant  of  any  room  is  ill  of  an 
infectious  disease.  Where  a  justice's  order  has  been 
obtained  for  the  x'emoval  to  a  hospital  of  a  person 
suffering  from  any  dangerous  infectious  disease,  both 
the  landlord  and  the  lodger  in  whose  tenement  such 
sick  person  is  shall  take  such  steps  as  may  be 
requisite  on  their  respective  parts  for  the  safe  and 
prompt  removal  of  such  person;  and  shall  adopt 
all  such  precautions  as  may  be  most  suitable,  in 
accordance  with  any  instructions  of  the  M.O.H. 

Where  a  duty  imposed  iipon  or  a  prohibition 
applied  to  the  landlord  of  a  lodging-house  is  by  any 
byelaw  expressly  imposed  or  applied  subject  to  the 
provisions  of  these  byelaws,  proceedings  shall  not  be 
taken  against  him  for  an  offence  against  the  byelaw 
unless  and  until  the  landlord,  after  service  upon  him 
of  a  notice  in  writing  from  the  Council,  signed  by 
the  M.O.H.,  or  clerk  of  the  authority,  requiring  him 
within  a  reasonable  time  specified  in  tlie  notice  to. 
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I  :omi)ly  with  the  byelaw,  has  failed  to  comply  with  the 
!  oyelaw  within  that  time. 

i       The  landlord  is  made  responsible  for  the  structural 
i  cepair  of  every  part  of  the  premises,  for  the  efficiency 
-A  the  closets  and  of  the  means  of  ventilation,  for  the 
mnual  cleansing,  and  for  the  detailed  cleansing  of  all 
parts  (including  yards,  closets,  staircases,  and  passages) 
which  are  not  let  for  the  sole  use  of  one  tenant.  The 
tenant  is  responsible  for  the  cleanliness  and  manage- 
!  [uent  of  the  rooms  rented  by  him^  and  of  all  other 
i  parts  of  the  premises  of  which  he  has  the  sole  use. 
j       7.  Cemeteries. — (a)  Definitions. — A  "grave" 
!  is  defined  as  a  burial-place  formed  in  the  ground  by 
I  excavation,  and  without  any  internal  wall  of  brick- 
i  work  or  stonework,  or  any  other  artificial  lining.  A 
I  "  vault '"'  is  an  underground  burial-place  of  any  other 
I  construction,    (h)  VaicUs. — Every  vault  shall  be  en- 
i  closed  with  walls  of  brick  or  stone,  solidly  put  together 
with  good  mortar  or  cement,    (c)  Common  gi-aves. — . 
'Xot  more  than  one  body  shall  be  buried  at  any  one 
time  in  a  grave  in  respect  of  which  no  exclusive  right 
of  burial  has  been  granted.    (Exception  is  made  in' 
the  case  of  two  or  more  members  of  the  same  family.) 
r'Such  a  grave  shall  not  be  reopened  for  the  purpose 
(  of  a  further  burial  within  eight  years  after  the  burial 
!•  of  a  person  aged  less  than  twelve  years,  nor  within 
t  fourteen  years  after  the  burial  of  a  person  aged  more 
t  than  twelve  years.    (Exception  is  made  in  the  case  of 
members  of  the  same  family.)    (d)  Minimum  coverinff 
of  earth. — No  part  of  a  coffin  shall  be  buried  at  a  less 
depth  than  three  feet  below  the  ground  adjoining  the 
-grave,  if  it  contains  the  body  of  a  person  aged  less 
"  than  twelve  years;  nor  at  a  less  depth  than  four  feet 
?  if  the  age  of  the  deceased  was  over  twelve  years.  A 
layer  of  earth,  not  less  than  one  foot  in  thickness, 
shall  be  interposed  between  every  coffin  and  the  coffin' 
li  nearest  to  it.    (e)  Closure  of  vaults. — A  coffin  buried 
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in  a  vault  shall,  within  twenty-four  houi's  after  burial, 
be  wholly  and  permanently  embedded  in  and  covered 
with  good  cement  concrete,  not  less  in  any  part  than 
6  inches  in  thickness ;  or  wholly  and  permanently 
enclosed  in  a  separate  cell,  constructed  of  slate  or 
flag,  not  less  than  two  inches  thick,  and  jointed  in 
cement,  or  of  brick  in  cement,  and  in  such  manner  as 
to  prevent  as  far  as  practicable  the  escape  of  noxious 
gas. 

8.  Mortuaries. — The  only  provisions  of  sanitary 
importance  suggested  in  this  series  ax'e  the  following  : 
A  body  deposited  in  the  mortuary  shall  be  re- 
moved therefrom  for  interment  within  days 

after  death ;  but  if  the  deceased  has  died  of  an  in- 
fectious disease,  the  body  shall  be  removed  for  inter- 
ment within  days  after  death. 

An  L.G.B.  memorandum  makes  the  following 
general  suggestions  in  regard  to  construction  and 
management : — 

The  buildings  should  be  isolated  and  unobtrusive, 
but  substantial,  structures  of  brick  or  stone.  Every 
chamber  for  the  I'eception  of  corpses  should  be  on  the 
ground  floor.  In  addition  to  such  chamber  there 
should  be  a  waiting-room,  a  caretaker's  house,  and  a 
shed  or  outhouse.  Every  mortuaiy  chamber  should 
be  lofty,  and  there  should  be  a  ceiling  or  a  double- 
roof,  with  an  intervening  space  of  eight  mches,  for  the 
sake  of  coolness.  The  area  should  be  sufficient  to 
allow  freedom  of  movement  between  the  slabs.  The 
windows  should  be  on  the  north  side,  if  practicable ; 
if -otherwise,  they  should  have  external  louvre  blinds. 
Louvres,  or  ait  gratings,  under  the  eaves  will  be  the 
best  means 'of  ventilation.  The  pavement  must  be 
even  aijd  close,  and  a  cement  floor  is  preferable. 
The  slabs  should  be  of  slate,  and  2ift.  to  3  ft.  from, 
the  floor.  Water  should  be  laid  on  within  the  cham- 
ber.    The  walls  and  ceiling  should  be  whitewashed, 
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and  the  outside  of  the  roof  also  whitened.  There  should 
be  at  least  two  chambers,  one  of  which  may  be  re- 
served for  bodies  of  persons  who  have  died  of  infectious 
disease. 

There  should  be  a  resident  caretaker,  and  bodies 
should  be  received  at  any  hour  of  the  day  or  night. 
A  register  should  be  kept. 

9.  Offensive  trades. — The  offensi^'e  trades  in 
regard  to  which  Model  Byelaws  have  been  issued  by 
the  Ii.G.B,  are  those  of — 


Blood-boiler. 

Bone-boiler. 

Fellmong-er. 

Soap-boiler. 

Tallow-melter 

Tripe-boiler. 


Blood-drier. 

Leather-dresser. 

Tanner. 

Fat-melter  or  Extractor. 
Glue-maker. 
Size-maker. 
Gut-scraper. 


Of  these  the  first  six  only  are  specifically  mentioned 
in  s.  112  of  the  Public  Health  Act,  the  rest 
being  examples  of  "other  offensive  trades."*  The 
same  general  provisions  ajjpear  in  all,  with  numerous 
additions  or  variations  as  required  by  the  conditions 
of  the  particular  trade  in  question. 

The  following  summary  will  show  their  general 
character  : — 

(i.)  Storage  of  offensive  materials. — Materials  not 
required  for  immediate  use  or  treatment  shall  be  ■ 

*  Khlood-hoiler  boils  blood  or  treats  it  with  steam  and  prep{ii;es  it  for 
manure  manufacture  by  reducing  it  to  powder  in  heated  "driers."  ,A 
bone-hoiler  extracts  fat  and  gelatine  from  bones  by  boiling  uiidur  pressui-e. 
The  fellmonger  prepares  dry  or  fresh  skins  for  leathei>aressing.  Fresli 
skins  are  beaten  with  a  mallet,  then  soaked  in  wateP  aridr  niillc,  of  lime, 
after  which  the  hair  or  wool  is  plucked  off.  Fat,  tallow,  oil;  etc.,  together 
with  alkali  solutions  (K  or  Na)  termed  "lyes,"  are' boiled  by  the  soap- 
boiler preparatory  to  soap  manufacture.  .■Tallow-melting  is*  a  similar 
process  of  treating  i-cndered  fat  without  alkalies.  *  Tlie  liquid  is  run  off 
into  barrels.  A  tripe-hoiler  cleans  and  boils  the  stomach  of  the  ox  or 
sheep,  and  prepares  it  for  human  food.  Other  ofTenstvc  (lades  include 
such  processes  as  involve  the  collection  or  treatment  of  large  quantities 
of  animal  matter  or  substances  likely  to  become  a  nuisance. 
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so  stored  as  to  prevent  effluvium.  (ii.)  Offemive 
vapours  emitted  during  boiling,  melting,  etc.  The 
best  practicable  means  shall  be  adopted  for  render- 
ing such  vapours  innocuous.  The  vapour  shall  either 
(a)  be  discharged  into  the  external  air  in  such 
a  manner  and  at  such  a  height  as  to  admit  of  its 
difiusion  without  noxious  or  injurious  eflfects,  or  (6) 
shall  be  passed  directly  from  the  pan,  etc.,  through  a 
lire,  or  (c)  into  a  condensing  apparatus,  or  {d)  through 
a  condensing  apparatus  and  then  through  a  fire,  in 
such  manner  as  effestually  to  consume  the  vapour 
or  deprive  it  of  all  noxious  or  injurious  properties, 
(iii.)  Drainage  must  be  kept  in  efficient  order.  Bone- 
boilers  are  required  to  cool  all  hot  liquid  refuse  before 
passing  it  into  any  drain.  (iv.)  Floors  must  be  kept 
in  good  order  so  as  to  prevent  the  absorption  of  filth. 
In  respect  of  several  trades  it  is  required  that  at  the 
close  of  every  working  day  the  floors  shall  be  swept 
{e.g.  tanner's,  leather-dresser's)  or  washed  (blood- 
drier's,  etc.)  or  scraped,  or  otherwise  cleansed.  All 
refuse  collected  by  sweeping  or  scraping  shall  be 
forthwith  removed  from  the  premises  in  covered 
receptacles,  unless  intended  to  be  forthwith  subjected 
to  further  trade  processes  on  the  premises,  (v.)  Walls 
shall  be  kept  in  good  order  so  as  to  prevent  the 
absorption  of  filth,  and,  if  necessary,  be  scraped. 
Limewashing  of  walls  and  ceiling  twice  yearly  is 
required  in  regard  to  certain  trades — fellmonger's, 
for  example.  (vi.)  Apparatus,  including  all  im- 
plements and  vessels,  to  be  kept  clean  ;  daily 
cleansing  is  requii'ed  in  some  cases,  (vii.)  Waste  liine 
(fellmonger's,  tanner's)  must  be  removed  at  once, 
and  under  close  cover,  (viii.)  Tanks  used  by  fell- 
mongers  for  washing  or  soaking  skins  shall  be  emptied 
and  cleansed  as  often  as  necessary  to  prevent  effiuvia. 
(ix.)  Free  access  for  the  purpose  of  inspection  shall  at 
all   reasonable  times  be  afforded  to  the  M.O.H., 
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] Inspector  of  Nuisances,  Surveyor,  or  any  committee 
.^specially  appointed  by  the  S.A.  on  that  behalf. 

,    10.  flop-pickers.— («)  Application. — These  bye- 
1  laws  apply  to  all  tents,  sheds,  barns,  or  other  places 
t  occupied  as  temporary  dwellings  by  hop-pickers,  but 
tnot  to  places  inhabited  throughout  the  year.  (6) 
i  Habitable  condition. — Such  temporary  habitations  are 
1  required  to  be  clean,  dry,  weatherproof,  and  to  be 
'  ventilated  and  lighted,    (c)  Closet  accommodation. — 
There  must  be  adequate  privy  accommodation  for  the 
i  separate  use  of  each  sex.      \d)  W ater, — There  must 
!  be  a  sufficient  supply  of  good  water  for  drinking, 
-  cooking,  and  washing,    (e)  Cooking. — There  must  be 
;  a  separate  cooking-place  for  every  fifteen  persons 
;  authorised  to  be  received.    (/)  Area. — An  average 
floor  space  of  15  square  feet  must  be  allowed  for 
i  each  occupant,  but  two  childi'en  under  ten  years  of  age 
may  be  counted  as  one  adult,    {g)  Bedding. — Clean 
straw  or  other  suitable  material  must  be  supplied  for 
bedding,  and  renewed  as  required.     The  beds  must 
be  screened  off  in  places  occupied  by  adults  of  differ- 
ent sexes.    (Ii)  Cleansing. — The  premises  and  appoint- 
ments must  be  thoroughly  cleansed  immediately  before 
occupation,  the  internal  surfaces  limewashed,  and  all 
offensive  accumulations  cleared  away.    The  cleansing 
must  be  repeated  as  required  from  time  to  time 
during  the  period  of  occupation. 

(Similar  byelaws  may  be  made  in  respect  of  the 
accommodation  of  persons  engaged  in  picking-  fruit  or 
vegetables.) 

II.  ITTcaiis  of  escape  from  fire,  in  factories 
and  workshops. — Buildings  of  more  than  one 
storey  must,  if  any  part  above  the  ground  floor  is 
used  as  a  factory  or  workshop,  have  adequate  fixed 
stairs  (with  handrails),  lighted,  and  giving  free  access 
from  every  such  part  to  the  ground  floor,  and  where 
practicable  to  an   open   space   outside.      In  new 
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factories  or  workshops,  buildings,  and  buildings 
newly  altered  structurally  for  that  purpose,  the  stairs 
must  be  of  fire- resisting  material,  e.g.  brick,  stone, 
concrete,  iron,  steel,  copper,  hard  timber  (oak,  teak), 
or  timber  rendered  uninflammable. 

If  any  floor  over  thirty  feet  from  the  ground  is 
used  as  a  factory  or  workshop,  and  either  more  than 
ten  persons  are  employed,  or  readily  inflammable 
materials  are  stored,  there  must,  in  addition,  be 
(1)  an  external  fire-resisting  staircase,  or  (2)  an 
eflticient  fire  escape,  or  (3)  ready  access  to  the  roof, 
and  where  practicable  to  the  roof  of  an  adjoining 
building.  The  window  or  door  leading  to  (1),  (2),  or 
(3)  must  be  distinctively  marked. 

Every  room  (of  a  factory  or  workshop)  in  which 
persons  are  habitually  employed  must  have  at  least 
one  window  (distinctively  marked  if  there  be  others) 
opening  easily  at  the  sill  level  to  an  extent  allowing 
easy  escape.  , 
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CHAPTER  XXI 

VITAL  STATISTICS 

Popiilsitjon. — A  census  has  been  taken  decennially 
since  1801,  and  gives  detailed  information  regarding 
each  county,  union,  registration  district  and  sub- 
district,  and  urban  district.  The  chief  data  are  the 
total  number  of  inhabitants  in  each  area,  the  numbers 
living  of  each  sex  and  at  certain  age-periods,  and  the 
numbers  employed  in  certain  callings. 

The  official  estimate  of  population  for  any  year  is 
made  by  assuming  that  increase  or  decrease  has  gone 
on  since  the  last  census  at  exactly  the  same  rate  as 
between  that  and  the  previous  census.  This  assump- 
tion is  arbitrary,  and  seldom  accords  with  the  facts  as 
ascertained  by  the  next  census. 

If  a  population  of  100,000  in  a  given  year  becomes 
101,000  in  the  next  year,  the  estimate  for  the  third 
year  is  102,010,  not  102,000. 

If  ^  =  the  population  in  any  given  year^  and  r  = 
the  factor  of  annual  increase  (in  the  above  example 
r  =  1  "01),  then  in  one  year  the  population  will  become 
f  X  r,  in  two  years  x>  X  r^,  and  in  n  years  j)  x  r"; 

The  census  is  taken,  not  at  the  middle  of  the  year,  but 
at  the  end  of  the  first  quarter.  Given  a  census  popula- 
tion of  X  in  1891,  and  y'm.  1901,  the  rate  of  decennial 

increase  is     that  of  annual  increase  a  /^i  and  that  of 

quarterly  increase  Hence — 

log.  y  —  log.  X  =  log.  rate  of  decennial  increase, 

lofiT  y  —  loff  '^7 
and   =  log.  rate  of  annual  increase, 

10 

and  — ^Qg-  ^  — log.  rate  of  quarterly  increase, 
10  X  4  ° 
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Thus  the  logarithm  of  the  estimated  raid-year  popula- 
tion for  1901  is,  log.  y  +  ^"^'^q"^^"'    \  and  for  190S, 

Ina  ,/  _L  log-  y  -  ^og-  ^  ,  r,  log-  y  -  log.  X 
^  10  X  4      +  ^  10 

The  following  calculation  of  the  mid-year  1905 
population  from  census  data  of  1891  and  1901  may 
serve  as  an  example  : — 

(a)  The  census  population  of  1901  was  100,970;  )  .  nn^mn^ 

log.  100,970  =  / 
(5)  The  census  population  of  1891  was  87,842;  i  .  oAQ-non 

log.  87,842  =:  I  "-2 
(e)  33y  subtraction,  the  logarithm  of  decennial  )  ^  ^ 

increase  was,  therefore      .       .       .       .  /  "■"'JO^yO^ 
{d)  Dividing  by  10,  the  log.  of  annual  increase  )  „ 

is  obtained  _|  0-0060490 

(e)  Again  dividing  by  4,  the  log.  of  qtiarterli/ \ 

increase  is  obtained   .       .       .       .     =  I  "  ^^^^^^^ 

(/)  Adding  together  log.  1901  census  population  \ 

(a),  and  log.  quarterly  increase  (b),  and  (  ,  _ 
four  times  log.  annual  increase  (d),yve  get  r  ^ 
the  log  of  1905  mid-year  population  .    =  ) 

And  on  referring  to  the  tables,  the  number  corre- 
sponding to  this  logarithm  is  found  to  be  107,128. 

There  are  obvious  limitations  to  the  value  of  such  an 
estimate.  The  rate  of  increase  is  not  the  same  in  the  centre  of 
a  town  as  in  the  growing  suburbs.  New  houses  are  springing 
up  and  becoming  inhabited  in  the  latter,  apart  from  the 
"  natui'al  increase  "  by  excess  of  births  OA'er  deaths ;  while  in 
the  former  there  may  even  be  an  actual  decrease  of  population, 
owing  to  the  displacement  of  dwellings  by  business  premises. 

If  the  estimate  is  very  wide  of  the  mai-k,  some  indication  of 
this  may  be  given  by  an  apparently  excessively  high  or  low 
birth-rate  and  death-rate  ;  by  the  number  of  inhabited  houses,* 
as  ascertained  from  the  rate-books  or  other  sources ;  by  returns 

*  The  average  number  of  person.s  per  inhabited  house  is  fairly  constant 
for  each  locality,  though  varying  considerably  in  diflerent  towns,  accord- 
ing to  the  proportion  of  "tenement  houses,"  and  houses  occupied  by  one 
family. 
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of  those  who  hy  migration  have  evaded  vaccination  ;  by  returns 
of  school  attendance  ;  or  by  inference  from  the  condition  of  the 
local  industries.  In  villages,  where  the  local  conditions  are 
well  known,  a  better  estimate  can  sometimes  be  made  from 
such  data  than  from  calculations  based  upon  a  remote  census. 

The  actual  increase  is  dependent  upon  the  balance  between 
births  and  immigration  on  the  one  hand,  and  deaths  and 
emigration  on  the  other.  The  excess  of  births  over  deaths  is 
termed  the  "  natural  increase."  As  regards  towns,  the  actual 
is,  upon  the  average,  greater  than  the  natioral  increase,  since 
there  is  a  tendency  to  migration  from  rural  to  urban  districts. 
In  times  of  depression  of  local  trade  there  is  emigration  to 
other  districts ;  whereas,  when  trade  is  flourishing,  labour  is 
attracted  from  rural  districts  and  from  other  towns. 

The  age-distribution  of  a  population  is  ascertained 
by  each  census,  and  may  be  assumed  to  remain  con- 
stant until  the  next  census  ;  that  is,  the  rate  of  increase 
is  assumed  to  be  uniform  at  all  ages.  There  are, 
however,  very  material  differences  among  towns,  and 
between  town  and  country,  in  this  respect,  and  as  the 
tendency  to  death  is  much  greater  among  the  very 
young  and  very  old,  it  becomes  important  to  allow  for 
these  variations  in  drawing  inferences  from  death-rates 
as  to  the  health  conditions  of  a  community.  Owing 
to  the  immigration  of  young  adults  from  rural  districts, 
town  populations  almost  always  contain  a  larger  pro- 
portion of  persons  between  15  and  45  than  is  found 
in  the  country  at  large ;  and  hence  a  higher  birth-rate 
and  (under  equal  health  conditions)  a  lower  death-rate 
are  to  be  expected  a  priori. 

KirthfS  must,  according  to  the  Births  and  Deaths 
Registration  Act  of  1874,  be  registered  within  42 
days. 

More  males  than  females  are  born,  in  the  pro- 
portion of  nearly  104  to  100,  but  this  excess  is 
diminishing.  Owing  to  the  higher  death-rate  among 
males,  the  survivors  of  the  two  sexes  are  nearl}- 
equal  in  number  at  the  end  of  the  first  year  of  life, 
and  thenceforward  the  females  are  in  the  majority. 
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Still-births,  which  Farr  estimated  at  4  per  cent,  of  the 
total  births,  are  not  included  in  the  returns. 

The  Birth-rate  is  the  proportion  of  births  in  one 
year  per  1,000  persons  living  ;  that  is — 

No.  of  births  in  the  voar        ,  „„„ 

X  1,000. 


mid-year  population 

For  shorter  periods,  such  as  quarters  or  weeks,  the 
rate  is  calculated  on  the  assumption  that  the  like 
periods  throughout  the  year  would  yield  the  same 

proportion :  so  that  the  birth-rate  during  -th  part 
of  a  year  is — 

No.  of  births  during  the  period  in  question 

 ^  7—   X  a;  X  1,000. 

mid-year  population 

For  ordinarj"^  purposes  it  is  sufficient  to  regard  the  year  as 
consisting  of  365  days,  or  52  weeks  ;  but  if  greater  precision 
is  required,  the  astronomical  year  may  be  used — namely,  365  "24 
days,  or  52-177  weeks. 

The  English  birth-rate,  which  was  35-4  in  1871-80, 
and  36-3  in  1876,  declined  to  27-2  in  1905.  It  is 
higher  in  towns,  and  in  times  of  prosperity  ;  lower 
in  rural  districts,  and  in  times  of  depression  of  trade. 

A  sounder  basis  of  population  for  the  purpose  is  that  of 
women  at  ag-es  15-45  ;  or,  still  better,  married  women  at  those 
ages  (with  exclusion  of  illegitimate  births,  the  proportion  of 
which  is  variable  and  decreasing,  and  averages  about  4  per 
cent,  of  the  total).  On  this  latter  basis  the  rate  per  1,000  was 
293  in  1870-2,  286  in  1880-2,  264  in  1890-2,  and  236  in  1900-2. 
Even  this  fails  to  take  account  of  material  differences  in  fer- 
tility at  the  several  ages  within  the  limits  stated. 

Deaths  must  be  registered  within  five  days. 

Death-rates  are  calculated  in  the  same  way  as 
birth-rates.  The  death-rate  in  England  and  "Wales 
declined  from  22-4  in  1851-70  to  18-2  in  1891-1900, 
and  15-2  in  1905,  when  the  annual  total  of  deaths 
was   520,031.     Local   death-rates   require  certain 
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corrections,  as  below,  in  order  to  render  them  com- 
parable with  that  of  the  whole  country. 

Correction  for  non-residents. — The  deaths  of 
strangers  who  happen  to  die  in  the  district  sbould  be 
excluded.  Without  this  correction  the  true  rate  may 
be  seriously  overstated  if  the  district  contains  large 
institutions  admitting  non  -  residents.  Similarly, 
deaths  of  residents  dying  outside  the  district  should 
be  included. 

Correction  for  age  and  sex  distribution  is  made  by 
a  "factor"  obtained  as  below,  which  is  greater  than 
unity  in  nearly  all  towns,  and  less  than  unity  in  rural 
districts.  Multiplying  the  local  death-rate  by  the 
factor,  the  corrected  local  death-rate  is  obtained.  The 
comparative  mortality  figure  for  the  district  is — 

corrected  local  death-rate  ,  .  ^  . 

X  1,000. 


death-rate  for  the  whole  countrj^ 

A  standard  death-rate  for  a  locality  is  the  death-rate  for  the 
whole  country,  re-calculated  on  the  basis  of  the  local  age  and 
sex  distribution,  and  may  be  found  as  follows.  The  age  and 
sex  distribution  per  million  of  both  local  and  genera]. population 
are  separately  determined  from  census  data  as  at  page  632.  The 
recorded  deaths  (in  the  whole  country)  are  distributed  in  the 
same  groups,  and  the  number  of  deaths  in  each  group  corrected 
in  the  proportion  of  the  local  to  tbe  general  population  at  those 
ages.  If,  for  example,  the  males  living  at  a  given  group  of  ages 
are  x  per  million  of  the  local  population  and  2/  per  million  of  that 
of  the  whole  countrj',  and  the  male  deaths  at  those  ages  are  m,  the 

corrected  number  of  deaths  is  m  x  ^.    Adding  together  all  the 

coiTected  numbers,  we  have  a  corrected  total  a,  dilfering  from 
the  recorded  total  b  (of  deaths  in  the  whole  country),  and 
representing^  the  deaths  which  would  have  occurred  had  the  age 
and  sex  distribution  been  the  same  as  that  of  the  locality 

Hence   ; —  a  x  ^QOQ  —  jg         standard  death-rate 

population  of  whole  country 

,      -I.     1     T,        mt.     death-rate  of  whole  country .  , 

for  the   locality.     The     — — , —  — — tt — is  the 

.      standard  local  death-rate 

factor  sought,  and  is  equal  to  ^• 
U 
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Urban  death-rates  are  higher  tlian  rural,  and  the 
correction  for  age  and  sex  distribution  increases 
tlie  inequality.  The  causes  of  this  are  complex,  and 
include  differences  of  occupation  and  mode  of  life, 
and  the  direct  and  indirect  consequences  of  aggre- 
gation of  population.  Ogle  found  that  in  1871-80 
the  death-rates  of  districts  increased  with  the  density 
of  population,  if  exceeding  400  per  square  mile,  but 
below  that  point  the  influence  was  not  apparent.  (The 
average  density  for  England  and  Wales  exceeds  500 
per  square  mile,  or  0-8  per  acre.)  Farr  concluded 
that,  other  things  being  equal,  urban  death-rates  vary 
as  the  twelfth  root  of  the  density ;  but  this  rule  is  of 
limited  practical  application,  since  many  variable 
conditions  are  involved,  and  notably  the  degree  of 
crowding  of  rooms.  Newsholme  showed  that  in  1889 
the  death-rate  among  the  20,000  inhabitants  of  Pea- 
body  Buildings  (density,  750  per  acre),  was  lower  than 
that  of  London  generally  (average  density,  49  per  acre). 

The  death-rate  is  diminishing  in  both  urban  and 
rural  districts,  but  more  rapidly  in  the  former  than 
in  the  latter. 

The  death-rate  among  males  is  higher  than  among 
females,  subject,  however,  to  exceptions  at  certain 
age-periods,  notably  10-20,  as  Appendix  II.  shows. 
In  the  decenniuni  1891-1900,  the  former  was  19-3 
and  the  latter  17*1.  Both  are  decreasing,  but  the 
saving  of  life  is  chiefly  effected  in  the  earlier  age- 
periods,  and  is  inconspicuous  at  ages  over  40,  owing, 
perhaps,  partly  to  the  increasing  wear  and  tear  of 
modern  life,  and  partly  to  the  more  frequent  survival 
of  weakly  persons  at  middle  life  who  under  former 
conditions  would  have  died  in  youth. 

In  both  sexes  the  tendency  to  death  is  high  in 
infancy,  reaches  its  minimum  in  the  10  to  15  year 
age-period,  and  afterwards  increases  steadily  through- 
out life. 
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Infant  mortality  is  calculated  upon  the  birth- 
returns,  which  are  precise  and  free  from  many  of  the 
errors  attendant  upon  estimates.    The  formula  is : — 

deaths  of  children  under  1  year 

.  "L  X  1000. 

•  registered  births 

Tnflicence  of  the  birth-rate  upon  the  death-rate. — Other  things 
being  equal,  a  high  birth-rate  in  a  given  year  would  theoretically 
increase  the  death-rate,  since  the  mortality  among  the  newly 
born  is  much  greater  than  that  of  the  population  generally. 
But  a  high  birth-rate  implies  («)  a  large  proportion  of  persons 
at  the  reproductive  ages,  and  in  a  few  years  (h)  a  new  popu- 
lation of  children  and  young  adults,  since  under  the  most 
adverse  conditions  a  large  mijority  of  the  infants  survive. 
The  mortality  among  both  chisses  (fljandi)  is  low,  and  more 
than  balances  the  higher  mortality  in  the  first  year  or  two  of 
life.  {Farr.) 

Cause  of  death. — The  death-returns  obtained  from 
the  registrars  are  copied  from  the  certificates  signed 
by  medical  practitioners  or  coroners.  Very  com- 
monly two  or  more  causes  are  assigned — one  being 
regarded  as  "primary  "  and  the  other  as  "secondary." 
As  only  one  cause  in  each  case  can  be  accepted  for 
statistical  purposes,  preference  should  be  given  to 
(1)  infective  or  specific  diseases,  and  (2)  primary  as 
compared  with  secondary  causes. 

Progressive  changes  are  noticeable,  in  regard  to  the  death- 
rate  from  certain  well-defined  diseases,  in  the  direction  of 
increase  or  decrease.  It  may  extend  to  all  ages,  or  be  more 
or  less  limited  to  certain  periods  of  life.  The  change  does 
not  necessaiily  aflEect  both  sexes  alike,  phthisis,  for  example, 
having  decreased  much  more  rapidly  among  females  than 
among  males. 

Decrease  is  manifest  in  the  mortality  from  small-pox, 
scarlet-fever,  diarrhoea,  typhus,  enteric  fever,  simple  continued 
fever,  thrush,  phthisis,  convulsions,  croup,  diseases  of  the 
digestive  system,  and  diseases  of  parturition  ;  also  from  acci- 
dent, negligence,  homicide,  and  "  ill-defined  causes."  As 
regards  the  first  five,  the  reduction  is  real,  and  attribut- 
able in  great  part  to  improved  mcasiu'es  of  precaixtion  and 
sanitation.    Phthisis  has  been  greatly  lessened,  but  there  has 
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probably  been  some  transfer  of  cases  by  improved  diagnosis 
from  phthisis  to  other  respiratory  diseases.  Better  diagnosis 
and  better  certification  are  responsible  for  the  gradual  dis- 
appearance of  "  croup,"  "  convulsions,"  and  "  simple  continued 
fever,"  and  also,  of  course,  for  the  lessened  total  of  "  ill- 
defined  "  diseases ;  nearly  all  these  are  cases  of  transfer  to 
other  headings,  and  not  true  reductions  in  mortality. 

On  the  other  hand,  there  is  a  distinct  increase  in  the 
mortality  attributed  to  cancer,  diabetes,  suicide,  and  diseases 
of  the  nervous,  circulatory,  respiratory,  and  urinary  systems. 
It  is  probable  that  some  real  increase  has  occurred  in  respect 
of  nervous  and  circulatory  diseases,  and  perhaps  also  urinary 
diseases,  but  improvement  in  diagnosis  has  also  to  be  taken 
into  account. 

The  cancer  death-rate  in  1861-70  was  387  per  million,  in 
1871-80  473,  in  1881-90  589,  in  1891-1900  758  ;  and  fairly 
well  defined  areas  yielded  exceptionally  high  rates.  Age-distri- 
bution of  population  is  important  in  this  connection,  since  the 
mortality  is  chiefly  at  ages  over  35.  The  increase  is  partly 
due  to  improved  diagnosis,  and  to  inclusion  of  forms  of 
malignant  disease  not  previously  grouped  with  cancer.  Recent 
researches  in  this  country,  while  showing  a  wider  difference 
among  lower  animals  than  had  been  suspected  [Bashford),  have 
not  confirmed  the  suggestion  that  cancer  is  an  infective 
disease  due  to  micro-organisms.  Instances  are  met  with  of 
repeated  occurrence  of  the  disease  in  "  cancer  houses,"  but 
little  is  known  of  dependence  upon  dietetic  or  other  causes,  and 
no  special  preventive  measures  are  in  force. 

Zymotic  death-rate  is  a  term  formerl}'  applied  to  the 
aggregate  death-rate  from  the  "seven  principal  zymotic 
diseases "  —  small-pox,  measles,  scarlet-fever,  diphtheria, 
whooping  cough,  "fever"  (typhus,  simple  continued,  and 
enteric),  and  diarrhoea.  It  is  liable  to  great  fluctuation, 
according  to  the  epidemic  prevalence  of  one  or  other  of  the 
diseases  included.     (-S'ee  p.  614). 

Deaths  due  to  protracted  sequelae  of  acute  specific  diseases 
are  usually  credited  to  the  secondary  and  not  to  the  true 
primary  cause.  It  will  be  found  that  the  mortality  from 
bronchitis  and  pneumonia  is  increased  by  outbreaks  of 
influenza,  whooping  cough  and  measles,  and  scarlet-fever 
prevalence  is  followed  by  deaths  referred  merely  to  kidney 
diseases. 

Sex  has  an  important  bearing  upon  the  mortality 
from  certain  diseases,  owing  partly  to  differences  in 
constitutional  predisposition,  and  partly  to  exposure  to 
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the  conditions  favourable  or  unfavourable  to  the  de- 
velopment of  the  diseases  in  question.  The  male 
mortality  exceeds  the  female  in  most  well  defined 
diseases  or  groups  of  diseases,  but  there  are  im- 
portant exceptions,  such  as  diphtheria,  whooping 
cough,  erysipelas,  rheumatism,  cancer,  and  ansemia 
(including  chlorosis  and  pernicious  antemia). 

Age  too  materially  affects  the  average  liability  to 
certain  diseases,  by  reason  of  physiological  changes, 
acquired  protection,  and  degree  of  exposure.  Yac- 
cination  completely  alters  the  age-curve  in  small- 
pox. In  all  protective  diseases  the  accumulation  of 
protected  survivors  must  be  allowed  for  before  any 
lessened  average  susceptibility  at  higher  ages  can  be 
inferred.  The  maximum  mortality  from  small-pox, 
whooping  cough,  erysipelas,  and  diarrhoea  occurs  in  the 
first  year  of  life,  from  measles  in  the  second,  from  scarlet- 
fever  in  the  third,  and  from  diphtheria  in  the  fourth. 
A  second  maximum  follows  in  small-pox  about  the  25th 
year;  and  from  about  the  same  point  diarrhoea  mor- 
tality again  rises  until  the  end  of  life.  Phthisis  is  at 
its  minimum  from  the  5th  to  the  10th  year,  increases 
up  to  the  45th,  and  afterwards  diminishes.  Cancer 
mortality  is  small  in  the  earlier  years,  but  in- 
creases rapidly  from  about  the  25th  year  t6  the  end  of 
life.  The  single  curve,  with  a  minimum  from  the  1 0th  to 
the  15th  year,  which  is  characteristic  of  the  total  death- 
rate,  is  common  also  to  the  mortality  from  nervous, 
respiratory,  digestive,  and  urinary  diseases,  and 
violence  ;  diseases  of  the  circulatory  system  increase 
steadily  in  mortality  from  birth  to  the  end  of  life.  The 
varying  influence  of  age  is  seen  even  in  infancy. 

The  true  influence  of  sex  and  age  cannot  be  ascertained  by 
returns  of  mortality  alone.  The  mere  number  of  deaths  at  each 
age-period  conveys  little  information,  since  the  numbers  living 
diminish  as  age  advances.  Even  death-rates  for  each  grouji 
tell  only  of  the  liability  to  death,  but  nothing  as  to  the  incidence 
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of  sickness  or  the  cliance  of  recovery.  The  variations  in 
incidence  and  in  severity,  according  to  age  and  sex,  are  not 
always  parallel,  and  indeed  are  often  inverse,  as  in  scarlet- 
fever  and  enteric  fever.  From  the  number  of  persons  living,  of 
each  sex  and  at  each  age-period,  it  is  possible  to  calculate,  for 
each  sub-group,  (1)  the  incidence  of  disease,  that  is,  the  proportion 
of  attacks  to  population,  and  (2)  the  case-mortality,  or  proportion 
of  deaths  to  attacks.  Evidence  as  to  incidence  of  disease  at 
different  ages  can  be  obtained  from  notification  returns,  but 
hospital  statistics  are  misleading,  since  age  materially  affects 
the  chances  of  removal  to  hospital.  As  regards  case-mortality, 
however,  both  hospital  and  notification  data  may  be  admitted. 

§tatistical  evidence  of  the  health  o(  coiii- 
mimities. — The  usual  criteria  are  either  actual 
death-rates  (general,  "  zymotic,"  or  infant  mortality)  or 
figures  representing  the  avei'age  longevity — namely, 
"expectation  of  life,"  "probable  duration  of  life," 
"mean  age  at  death." 

The  corrected  death-rate  afibrds  a  simple  and,  in 
the  main,  accurate  measure  of  the  comparative 
prevalence  of  disease.  It  is  untrustworthy  if  the 
figures  are  so  small  as  to  be  exposed  to  violent  fluc- 
tuations ;  thus,  the  "  weekly  death  rate "  is  only 
useful  in  large  communities.  Other  sources  of  error 
are  (i)  uncertainty  as  to  population,  and  (ii)  severe 
epidemics,  which  may  have  no  known  relation  to 
impaired  public  health  in  general. 

A  high  death-rate  from  enteric  fever,  diphtheria, 
or  diarrhcea  may  in  general  fairly  be  taken  to  imply 
a  defective  sanitary  state ;  but  may  also  be  due  to 
temporary  and  accidental  causes,  such  as  climatic 
conditions  or  accidental  contamination  of  milk  or 
water.  Little  is  known  of  the  determining  causes  of 
epidemics  of  small-pox,  measles,  whooping  cough,  and 
scarlet-fever ;  but  their  predisposing  causes  are  all 
widely  different,  and  are  for  the  most  part  not 
afiected  by  what  are  known  as  "  sanitary  conditions." 
The  death-rate  due  to  such  a  heterogeneous  group 
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as  that  of  the  "principal  zymotic  diseases"  (p.  612) 
denotes  simply  the  presence  or  absence  of  grave 
epidemics,  and  connotes  nothing  as  to  the  health 
condition  of  the  community  in  other  respects. 

Infant  mortality  has  not  shared  in  the  decline 
common  to  other  death-rates.  It  is  one-third  higher 
in  urban  districts  than  in  rural,  higher  among  illegiti- 
mate children,  and  higher  in  the  first  trimester  of  the 
first  year  than  in  other  trimesters.  About  one-fifth 
of  the  total  deaths  of  infants  occurs  in  the  first  week 
of  life.  The  three  chief  diseases  responsible  for  high 
infant  mortality  are  (a)  immaturity  in  all  its  forms, 
(6)  diarrhoea,  and  (c)  lung  disease.  The  first  is  due  to 
prematurity,  debility,  and  congenital  conditions. 
The  second  causes  death  about  the  middle  of  the  first 
year,  and  is  due  to  food  causes  ;  and  the  lung  disease 
is  brought  about  chiefly  by  exposure  to  cold  and 
unequable  temperatures. 

The  jjhthisis  death-rate,  if  excessive,  indicates  damp- 
ness of  soil,  unhealthy  occupations,  or  overcrowding 
of  tenements.  The  death-rate  from  respu-atory  diseases 
(other  than  phthisis)  is  also  important. 

The  mean  age  at  death  is  obtained  by  adding  up 
the  ages  and  dividing  by  the  number  of  deaths.  It  is 
controlled  by  the  birth-rate,  and  by  the  age-distribu- 
tion of  the  population.  A  large  proportion  of  infant 
deaths  must  necessarily  reduce  the  average  age  at  death. 

The  jjrohahle  duration  of  life  is  the  age  at  which 
exactly  half  of  any  given  number  of  children  born 
will  have  died.  It  can  only  be  ascertained  from  a 
life-table,  and  is  of  no  great  value.  The  probable 
duration  of  life  for  males  is  about  53,  and  for  females 
58  years. 

The  expectation  of  life,  at  any  age,  is  the  average 
number  of  years  which  a  person  at  that  age  will  live, 
as  shown  by  a  life-table.  The  expectation  of  life  at 
age  0 — i.e.  at  birth — is  also  known  as  the  viean 
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duration  of  life,*  At  other  ages  than  the  time  of 
birth  it  is  sometimes  termed  mean  after-lifetime,  and 
the  present  age  ■ph^s  the  mean  after-lifetime  is  the  age 
to  which  a  person  may  expect  to  survive. 

The  expectation  of  life  is  the  true  measure  of  the 
vitality  of  a  community.  The  expectation  at  birth  is 
the  most  convenient  for  comparative  purposes,  but  if 
necessary  we  can  eliminate  the  influence  of  infant 
mortality  by  taking  the  expectation  at  a  later  age. 

A  life-table  shows  how  many,  out  of  a  million 
persons  supposed  to  be  born  simultaneously,  will 
survive  at  the  end  of  each  year  or  each  term  of  years. 
The  data  required  are  (1)  a  census  population — that 
is,  a  population  of  which  the  distribution  according 
to  ages  and  sexes  is  known;  (2)  returns  of  deaths 
(grouped  for  each  sex  in  the  same  age-periods  as  have 
been  adojDted  for  the  census  population)  for  one  or  more 
years  among  this  same  population.  The  simplest  plan 
is  to  take  only  the  deaths  in  the  census  year,  when 
the  population  is  known  with  precision ;  but  as  it  is 
important  to  obtain  large  numbers,  it  is  convenient 
to  use  the  death  returns  of  a  series  of  three  or  more 
years,  in  which  the  census  year  is  central.  Thus  the 
1901  census  population  may  fairly  be  assumed  to  be 
substantially  the  same  as  the  average  population  in 
the  years  1900-1-2.  A  still  better  method  is  to  take 
the,  death  returns  for  a  whole  inter-censal  period,  and 
the  mean  population.  A  separate  table  should  be 
constructed  for  each  sex. 

Having  decided  upon  the  intervals  to  be  taken 
(annual  or  quinquennial),  the  first  step  is  to  ascertain 
from  the  census  returns  the  number  living  at  each 

*  Tlie  "  mean  duration  of  life  "  differs  from  the  "  probable  duration  of 
life"  just  as  tlie  arithmetical  mean  of  a  list  of  numbers  diflers  from  the 
middle  value  of  the  series.  The  fact  that  one  term  h.as  as  many  terms 
above  as  below  it  does  not  render  it  the  mean  of  the  series. 

The  "  mean  duration  of  life"  must  also  be  carefully  distinguished  from 
the  "  mean  age  at  death."  The  latter  expression  is  not  employed  in 
reference  to  a  life-table  population^ 
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group  of  ages,  and,  from  the  death  returns,  the  mean 

annual  number  of  deaths  among  each  group.  As 

^      A  1-1  n^^naber  of  deaths 

already  explained,  ^, —   X  1,000  =  d  =  the 

numoer  living 

death-rate  for  that  group  of  ages  per  thousand  living. 
These  d  deaths  (among  1,000  living)  are  assumed  to 
be  evenly  distributed  over  the  whole  age-period  in- 
cluded in  the  group,  so  that  half  [i.e.  — ^  will  occur  in 

the  earlier  half  of  the  ages,  and  half  in  the  later. ''^ 
Hence  the  1,000  persons  are  regarded  as  deci'easing 

from  1,000  +  77  at  the  beginning  of  the  period  to 
D 

1,000  -  —  at  the  end  of  it ;  and  the  I'atio  of  the  final 

to  the  initial  population  is  ^1,000-       :  1,000+^ 
2  000  —  D 

or  »  Having  found  the  value  of  this  ratio  for 

2,000-fD  * 

each  age  or  group  of  ages,  we  have  all  the  data 

necessary  for  the  construction  of  a  life- table. 

For  the  first  year  of  life  the  formula  is  not  required. 

If  the  infant  mortality  (deaths  under  1  year  of  age 

per  1,000  births)  be  200,  it  is  evident  that  1,00.0,000 

persons  at  birth  {i.e.  living  at  the  commencement  of 

the  year  in  question)  will  be  reduced  to  800,000 

during  the  year.   The  number  commencing  the  second 

year  is  800,000 ;  taking  the  death-rate  during  that 

year  of  age  as  65  per  thousand  living,  the  foi'mnla 

2,000  —  65         1,935        ,         .      ,         1  .  t 

becomes  — —  or       r^,  and,  as  already  explained 

2,000-f65'        2,065'        '  ^  ^ 

the  800,000  living  at  the  beginning  of  the  second  year 

•n  1        1       1  ^    800,000        1,935  ^ 
will  be  reduced  to  — —   x  oi'  749,637  at  its 

*  In  other  words,  "the  number  of  the  Uvinp;  in  any  year  of  their  age  is 
an  arithmetical  mean  proportional  between  the  numbers  that  annually 
enter  upon  oncl  that  annually  complete  that  year"  (Milne,  quoted  by  Parr). 
An  earlier  hypothesis  (De  Moivre'sl  assumed  that  the  numbers  living 
decreased  in  arithmetical  progression  down  to  nothing  at  the  age  of 
eighty-six  vears, 

U* 
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close.  In  like  manner  are  determined  the  survivors 
at  the  end  of  the  third,  fourth,  and  fifth  years. 
After  the  fifth  year  it  is  usual  to  proceed  by  5-yearly 
periods,  but  the  method  is  substantially  the  same. 
Suppose,  for  instance,  that  we  have  already  found 
that  of  the  million  only  700,000  survive  at  the 
end  of  the  fifth  year ;  and  that  the  mean  annual 
death-rate  among  persons  aged  five  to  ten  years  is  6"5, 
This  death-rate  is  assumed  to  be  true  of  each  of  the 
five  years,  hence  the  formula  of  reduction  for  each 
.  2,000-6-5  J  £  ^-u  /.  /2,000-6-5v 
l/fi^*"  IS  r-TTT-— ttj  and  tor  the  jvoe  years  (  z-rr^rrir. )  • 
^        .    2,0004-6-5'  .  ^         \ 2,000  4-6-5/ 

At  the  end  of  the  tenth  year,  therefore,  the  700,000 
will  have  become  reduced  to  700,000  x  (  '      .  ^  !  ) 

\  2,000  -j-o'O ' 

— which,  by  the  aid  of  logarithms,  is  readily  found  to 
be  677,615. 

The  process  is  repeated  for  each  quinquennium 
until  no  more  survivors  are  left. 

If  decennial   bo   substituted   for  quinquennial 

periods,  the  annual  death-rate  D  must  be  calculated 

for  the  ten-year  age  period  as  a  whole,  and  the 

.„  ,  /2000-D^lo 
formula  will  be  \-^^^)  ' 

A  life-table  traces  the  history  of  a  hypothetical 
generation  which  lives  through  each  period  of  its  life 
under  the  conditions  that  attend  each  such  period 
during  the  era  imder  examination.  It  eliminates 
the  disturbing  influence  of  a  variable  birth-rate  and 
migration-rate,  which  introduce  many  fallacies  into 
any  attempted  estimation  of  longevity  from  mere 
death-rates  in  a  changing  population.  A  census 
return  gives  the  numbers  living  at  ages  between 
certain  fixed  points ;  a  life-table,  on  the  other  hand, 
shows  the  relative  numbers  surviving  at  certain 
points  of  time,  or  rather  of  age,  and  thus  enables  us  to 
calculate  the  expectation  of  life  at  any  such  point. 
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The  expectation  of  life  at  any  age  A  is  calculated 
by  adding  together  the  years  of  life  lived  through  by 
the  whole  of  the  life-table  population  after  that  age, 
and  dividing  by  the  number  of  survivors  at  age  A. 
Thus  to  find  the  expectation  of  life  at  fifty  }  ears  of  age 
in  males  according  to  the  1891-1900  life-table  (p.  634), 
the  first  step  is  to  add  together  the  numbers  surviving 
at  each  later  age  :  this  gives  the  number  of  complete 
quinquennia  lived  through  =  1,745,421.  But  in  addi- 
tion to  the  quinquennia  which  he  completes,  each  of 
the  530,888  males  surviving  at  age  50  lives  through 
some  portion  of  that  quinquennium  in  which  he  dies. 
By  a  further  application  of  Milne's  principle  this 
fraction  is  averaged  as  half  a  quinquennium,  and 
hence  we  have  to  add  265,444  half-quinquennia  to  the 
1,745,421  quinquennia.  We  thus  get  a  total  of 
2,010,865  quinquennia  or  10,054,325  years  of  future 
life;  and  this,  divided  among  the  530,888  who  are  alive 
at  age  50,  gives  the  expectation  of  life  as  18*9  years. 

The  expectation  of  life  is  somewhat  greater  among 
females  than  among  males,  at  all  ages.  It  is  greatest 
in  both  sexes  at  about  three  years  of  age. 

Seasonal  variations.  —  Most  diseases,  and 
well-defined  groups  of  diseases,  have  a  fairly  constant 
relation  to  season,  and  present  characteristic  curves 
of  average  seasonal  mortality,  subject,  however,  to 
variation  in  time  and  range  in  any  given  year. 
Many  of  them  have  an  obvious  relation  to  heat  and 
cold  :  thus  there  is  a  winter  maximum  in  deaths 
from  apoplexy  and  diseases  of  lungs,  heart,  and 
kidneys ;  and  a  summer  maximum  as  regards  diar- 
rhoea, tabes  mesenterica,  and  thrush.  Scarlet-fever, 
enteric  fever,  diphtheria,  puerperal  fever,  erysipelas, 
and  rheumatism  have  their  maximum  about  Nov- 
ember ;  small-pox  and  whooping  cough  have  a  spring 
maximum;  and  so,  too,  have  phthisis,  "convulsions," 
gout,  and  laryngitis.  Measles  has  a  double  seasonal 
curve,  with  two  maxima  and  two  nainiTua. 
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Cause  of  Death. 


All  CAtrsES  | 

Small-pox  

Measles    .......  i 

Scarlet-Fever  

Diphtheria  - 

Whooping  Cough  -    .    .    .  - 

Enteric  Fever  

Typhus   

Erysipelas    -  -  

Puerperal  Fever  

Other  deaths  from  childbirth 

Diarrhoea 

Eheu.matism  

Alcoholism  -  - 

Gout 

Phthisis  

Apoplexy,  Paralysis     -    .  - 

Convulsions   

Diseases  of  Circulatory  System 
Laryngitis  ....... 

Bronchitis  

Pneumonia 

Pleurisy  

Kidney  Disease  

Old  Age  


MOETALITY. 


Greatest. 


Least. 


(1)  Dec.  to  March. 

(2)  July  to  August. 
January  to  May. 

(1)  December. 

(2)  June. 
October. 

Nov.,  December. 
March,  April. 
November. 
January. 
Nov. ,  December. 
November. 
Dec,  January. 
r.Tuly  (4th  week), 
X  Aug.   (1st  and 
(.  2nd  weeks). 
November, 
July. 
April. 

March,  April. 
Dec.  to  March. 
March. 

Nov.  to  January. 

March. 

January. 

Jan.  and  March, 

December. 

Nov.  to  April. 

January. 


(1)  June. 

(2)  October. 
Sept.  and  Oct. 

(1)  September. 

(2)  February. 
March  to  M  ay. 
May,  June. 
Sept.,  Oct. 
June. 

September. 
May  to  Aug. 
August. 
June,- July. 

Dec.  to  May. 

August. 
Dec.  to  Mar. 
September. 
September. 
July,  August. 
September. 
August. 
Aug.,  Sept. 
August. 
Aiigust. 
August. 
June  to  Aug. 
June  to  Oct. 


There  are  also  characteristic  seasonal  curves  of  mor- 
tality from  all  causes  at  certain  ages  : — 


Ages. 

MOKTALITT. 

Greatest. 

Least. 

"  { 

5-20 
Over  20 

4th  week  in  July  to 
2nd.  week  in  Aug. 

(1)  Feb.  to  April 

(2)  July,  August  . 
December  . 
December  . 

April,  May,  June  . 

June,  July 
September  . 
July,  August 
August 
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The  luortality  at  ages  from  5  to  20  shows  only 
a  slig.ht  excess  at  mid-winter  and  a  slight  falling  off 


Small 
Pox 


hooping 
Coug-h 


Measles 


Enteric 
Fever 


Scarlet 
Fever 


phtheria 


JAN. 

FEB, 

MCH. 

APR. 

MAY 

JUNE 

JULY 

AUG. 

SEPT. 

OCT. 

NOV. 

DEC. 

/  v 

\ 

Vig.  24.— Seasonal  Curves  of  Mortality  (London).  Mean  of  40  Years, 
except  Diphtheria  (20  years),  and  Enteric  Fever  (12  years). 

Each  divielon  corresponds  to  10  per  cent,  above  or  below  the  mean  annual 
mortality  indicated  by  the  dotted  line. 
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at  mid-summer.  The  position  of  tlie  maximum  and 
minimum  points  remains  the  same  at  all  later  ages,  but 
a  rapidly  increasing  sensitiveness  to  cold  Ls  manifested 
by  a  wider  range  of  seasonal  curve.  Below  five 
years  of  age  a  similar  increase  in  sensitiveness  to 
climatic  conditions  is  found  ;  but  the  greatest  danger  is 
from  heat,  not  from  cold.  From  one  to  five  years 
the  principal  maximum  occurs  in  the  early  spring, 
owing  to  seasonal  prevalence  of  whooping  cough  and 
measles. ;  but  there  is  also  a  distinct  rise  in  July  and 
August,  due  to  diarrhoeal  diseases.  Under  one  year 
of  age  this  minor  elevation  becomes  an  enormous 
peak,  corresponding  to  the  diarrhoea  maximum. 

Occupation  and  mortality.  —  In  tracing, 
from  mortality  data,  the  influence  of  occupation 
upon  health,  it  is  necessary  to  take  into  account  not 
only  the  numbers  employed,  but  also  their  sex  and 
age-distribution,  and  the  inevitable  selection  of  the 
more  robust  for  certain  kinds  of  employment,  and 
the  weaker  for  others. 

Comparing  the  results  of  the  1891  census  with 
the  mean  mortality  of  the  three  years  1890-1-2, 
Tatham  has  shown  that  among  the  whole  male  popu- 
lation aged  25-65  the  mean  annual  death-i'ate  is 
16'3,  which  may  be  alternatively  stated  as  1,000 
deaths  among  61,215  persons.  The  age-distribution 
of  the  61,215  is  that  of  the  whole  male  population  of 
the  25-65  age  period,  and  it  is  found  that  there  are 
22,586  aged  25-35,  17,418  aged  35-45,  12,885  aged 
45-55,  and  8,326  aged  55-65.  The  rates  of  mortality 
from  the  several  causes  {such  as  phthisis,  accident, 
etc.)  can  also  be  stated  in  figures  the  total  of  which 
is  the  1,000  which  represents  the  entire  mortality. 

In  like  manner  the  smaller  statistics  of  persons 
engaged  in  different  occupations  ai'e  dealt  with,  and 
in  order  to  arrive  at  comparable  results  the  standard 
aire-  and  sex-distribution  has  to  be  observed.  Thus, 
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as  regards  the  earthenware  manufacture  it  is  ascer- 
tained from  the  census  returns  how  many  male 
potters  are  living  at  each  of  the  four  age-decennia 
between  25  and  65 ;  and  from  the  death  returns 
what  is  the  annual  number  of  deaths  among  male 
potters  at  each  age  decennium.  It  is  then  easy  to 
calculate  the  annual  number  of  deaths  among  22,586 
potters  aged  25-35,  17,418  aged  35-45,  12,885  aged 
45-55,  and  8,326  aged  55-65,  making  up  the  standard 
population  of  61,215.  The  sum  of  these  deaths^ 
which  among  "  all  males "  was  1,000,  in  the  case  of 
the  potters  reaches  1,706.     These  are  comparable 

Comparative  Mortality  according  to  Occupation, 
AMONG  Males  25-65  Years  of  Age. 


Eiigliiud  and  Wales. 
1890-91-92. 


All  Malks 
Agriculturist  -  -  - 
fishermen  -  -  -  - 
Cottou  Manufacture 
Wool  Manufacture  - 
Coal  Miners  -  -  - 
Coal  Heavers  -  -  - 
Tin  Miners  -  -  - 
Lead  Miners  -  -  - 
Glass  Manufacture  - 
Earthenware  ,, 
Plumher.s  .  -  -  - 
Lead  Workers  -    -  - 

Cutlers  

File-Makers  -    -    -  - 

Printers  

Tailors        -   -    -  - 

Drapers  

Grocers  

Fiakers  

Butchers  

lirewers  

lunkeepcr.f  -  -  .  - 
Costermoiigers  -  - 
Dock  Labourers  -  - 


192 
106 
114 
202 
191 
97 
1215 
508 
|380 
|295 
333 
,217 
!l48 
'382 
|402 
,326 


o  t 

+3  < 

•rH  t. 


224 
115 
123 
338 
256 
269 
472 
377 
225 
445 
668 
224 
397 
518 
423 
214 


12711 195 
,260  181 
;i31  121 
185  207 
,195  209 
,273  315 
259,  287 
443  403 
325  564 


O  M 


102 
51 
86 
114 
100 
67 
98 
99 
62 
155 
123 
131 
232 
91 
212 
98 
98 
102 
66 
69 
105 
125 
160 
139 
114 


>>  CO 


I 


44  !  29 
24  17 


28 
42 
45 
.30 
50 
45 
41 
63 
63 
84 

161 
56 

124 
52 
46 
36 
40 
49 
48 
78 
90 
70 
68 


24 
25 
21 
17 
37 
28 
34 
30 
32 
22 
80 
27 
36 
30 
31 
33 
26 
39 
56 
59 
201 
29 
26 


132 
83 
128 
152 
131 
120 
221 
95 
142 
157 
227 
142 
272 
167 
204 
133 
121 
135 
94 
130 
157 
195 
193 
222 
236 


l-t 

)lism. 

i 

g 

5 

o 
C5 

Alcohc 

1  Sulci 

2 

13 

1 

15 

1 

4 

10 

3 

12 

0 

10 

0 

18 

1 

3 

3 

12 

0 

4 

0 

9 

29 
4 
5 

7 

5 

5 

9 

24 

12 

17 

1 

9 

17 

16 

10 

13 

19 

16 

211 

13 

18 

3 

29 

4 

4 

75 

31 

4 

10 

17 

1 

12 

j 

15 

14 

15 

1 

8 

12 

1 

11 

19 

6 

35 

23 

10 

41 

17 

12 

92 

0 

32 

3 

36 

14 

3 

52 

1 

22 

56 
36 
148 
26 
21 
141 
144 


o  0^ 

o 


1000 
602 
845 
1141 
991 
925 
1528 
4811409 
43  1310 
59,1487 
20|1706 
52  1120 
451783 
32  1516 
39  1810 
19  1096 
22^  989 
1014 
664 
920 
1096 
1427 
1642 
1652 
1829 


19 
16 
25 
39 
50 
46 
64 
162 
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figures,  and  in  the  same  way  comparable  data  as  to 
mortality  from  phthisis  and  other  special  causes  can 
be  obtained  for  each  occupation,  A  few  examples 
are  given  on  page  620. 

The  following  list  shows  the  comparative  mor- 
tality figure,  calculated  in  the  same  way,  for  a 
number  of  other  occupations  :— 


All  Males 

.  1,000 

Blacksmiths 

914 

Occupied  Slales  ; 

.  953 

Shoemakers 

920 

Unoccupied  Males 

.  2,215 

Commercial  Travellers 

961 

Medical  Men 

966 

Clergy 

Shopkeepers  generally 

973 

.  533 

Law  Clerks 

1,070 

Gardeners  . 

.  653 

Hairdressers 

1,099 

Teachers  * 

.  604 

Hatters 

1,109 

Hosiery  Manufacture 

.  698 

Musicians  . 

1,214 

Lace  Workers 

.  709 

General  Labourers 

1,221 

Tanners  ^ 

.  756 

Iron  and  Steel  Manu- 

Artists 

.  778 

facture 

1,301 

Lawyers 

,  821 

Chimney  Sweepers 

1,311 

Phthisis  and  respiratory  diseases  cause  a  high 
mortality  among  debilitated  persons,  especially  those 
exposed  to  weather,  to  hot  or  impure  air,  and  to  cer- 
tain forms  of  organic  or  inorganic  dust.  Hence  the 
mortality  from  these  causes  is  high  among  coster- 
mongers,  cutlers,  file- makers,  potters,  printers,  and 
highest  of  all  in  Cornish  tin-miners.  The  com- 
paratively low  mortality  from  phthisis  among  coal- 
miners  may  be  attributed  to  the  particles  of  coal 
being  comparatively  free  from  sharp  angles  and  hence 
less  irritating  than  stone  or  metallic  dust  {Uirt). 
The  same  immunity  from  phthisis  has  been  observed 
among  coal-miners  in  other  countries,  but  it  must  not 
be  forgotten  that  the  nature  of  the  employment 
excludes  weakly  persons,  and  that  coal-mines  are  well 
ventilated. 

Nervous  diseases  cause  excessive  mortality  in 
occupations  associated  with  alcohol  or  lead  ;  the 
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most  fatal  occupations  in  this  respect  are  those  of 
innkeepers,  glass-makers,  tile-makers,  and  lead-work- 
ers. The  incidence  of  gout  and  of  fatal  kidney 
disease  is  very  similar.  Mortality  from  diseases  of 
the  liver  is  in  the  main  associated  with  mortality 
from  alcoholism,  both  being  high,  for  example,  among 
commercial  travellers,  butchers,  brewers,  and  inn- 
keepers. Suicide  also  has  a  fairly  close  relation  to 
intemperance. 

Diseases  of  the  circulatory  system  are  most  fatal 
among  costermongers,  cabmen,  brewers,  publicans, 
potters,  cutlers,  file-makers,  and  workers  in  glass. 

These  figures  tend  to  establish  a  relation  between 
intemperance  and  diseases  of  the  heart,  liver,  kidneys, 
and  nervous  system,  and  also  phthisis,  gont,  and 
suicide.  Lead  poisoning,  similarly,  is  seen  to  be  asso- 
ciated with  diseases  of  the  kidney,  heart,  and  nervous 
system,  and  also  with  gont. 

Value  of  (^statistical  series  and  averages. — 
The  mean  or  average  of  a  series  of  numbers  is  a  number 
which  lies  between  the  greatest  and  least  of  these,  and 
stands  in  a  definite  dependence  upon  the  whole  of  the 
series  [Radicke).  There  are  several  kinds  of  means. 
Thus,  if  the  series  consists  of  four  numbers — namely, 
rt,  h,  c,  and  d — we  have 

a-\-  b  -\-  c  -\-d 

The  arithmetic  mean,  or  simple  average,  — •  • 

The  geometric  mean,  bed 

4 

The  harmonic  mean,  1      1     1  1 
2^b^~c^~d 

The  quadratic  mean,        0^  +     +  c'  +  ^- 

When  the  terms  of  the  series  are  equal,  all  kinds 
of  means  are  also  equal ;  but  if  otherwise,  the  quadratic 
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is  the  liighest,  then  the  arithmetic,  geometric,  and 
harmonic,  in  the  order  stated. 

The  simple  average,  or  arithmetic  mean,  is  by  far 
the  most  generally  adopted,  and  mainly  in  thi'ee  classes 
of  cases  : — 

\.  As  a  imre  average ;  for  example,  the  average 
age  of  a  number  of  persons.  The  terms  are  exact, 
and  the  "  mean "  has  no  significance  as  regards  any 
individual.  Thus,  the  ages  of  ten  persons  whose 
deaths  wex-e  attributed  to  diarrhoea  might  be  1,  1,  1,  1, 
71,  71,  1,  1,  1,  71  ;  and  those  of  ten  who  died  from 
enteric  fever  17,  18,  26,  29,  2.5,  20,  16,  19,  24,  26. 
These  two  series  have  nothing  in  common  as  regards 
the  individuals,  but  the  average  of  each  is  22.  The 
mean  temperature  of  a  day  or  year  is  a  simple  average 
of  the  obsei!'vations  which  are  taken  into  account. 
Similarly,  if  we  mix  together  equal  volumes — say, 
an  ounce  of  each  —  of  four  saline  solutions  con- 
taining respectively  10,  20,  30,  and  40  grains  of  salt 
per  ounce,  the  whole  will  contain  25  grains  per 
ounce. 

L  As  a  probable  true  value  of  a  definite  qvMiiUty. 
— Given  two  results  equally  likely  to  occur,  the  fre- 
quency of  the  one  becomes  moi'e  and  more  certainly 
equal  to  that  of  the  other,  in  proportion  as  the  number 
of  observations  increases.  If  a  coin  be  tossed  1,000 
times,  it  is  improbable  that  heads  will  turn  up  much 
more  or  much  less  than  500  times  ;  but  with  only  10 
trials,  there  is  little  certainty  of  approximate  equality. 
If  in  a  given  series  of  measurements  of  a  fixed  quan- 
tity (an  angle,  for  instance),  the  errors  of  experiment 
are  exactly  as  likely  to  be  in  excess  as  in  deficiency, 
these  errors  will  neutralise  each  other  if  we  take  the 
mean  of  a  sufficiently  large  number  of  observations. 
An  error  of  magnitude  x  in  a  single  observation  will 

affect  the  mean  to  the  extent     in  a  series  of  ten  ob--, 


Chap.  XXI.]  Value  of  Statistical  Series. 


627 


X 


servations,  but  only  ^  series  of  a  thousand 

terms.  The  more  extended  the  series,  the  greater 
the  probability  of  accuracy,  which  increases  as  the 
square  root  of  the  number  of  observations. 

If  the  measurements  are  of  equal  precision,  a 
closer  but  less  simple  approximation  to  the  probable 
true  value  sought  may  be  obtained  by  adopting 
the  principle  of  least  squares  :  that  is,  by  finding 
such  a  mean  value  that  the  sum  of  the  squares  of 
the  residual  errors  of  the  observations  shall  be  a 
minimum. 

3.  As  a  probable  value  of  a  variable  quantity  de* 
termined  under  average  conditions  ;  for  example,  the 
aA^erage  daily  excretion  of  urea,  as  determined  by  a 
series  of  more  or  less  exact  measurements  under  vary- 
ing conditions  as  to  food  and  exercise.  In  vital  statis- 
tics absolutely  fixed  points  are  of  rare  occurrence,  and 
most  of  the  problems  belong  strictly  to  this  class. 

It  may  be  important  to  determine  the  value  of  a 
series  of  observations  ;  that  is,  how  far  the  mean  is  a 
trustworthy  approximation  to  the  true  value  sought.  As 
already  explained,  the  value  of  a  series  increases  with 
the  number  of  observations,  and  with  their  equality. 
Another  test  is  that  of  successive  metwis."  For  this 
purpose  we  take  the   mean  of  the  first  two  terms 

("~2~~)'  °^  three  ^^^^  ^^^^^ 

+  ^  +  c  +  c?^^  and  so  on.   These  "successive  means" 

may  vary  sharply  at  first;  but  presently  the  first  figure 
becomes  stationaiy ;  then  the  second ;  and  finally,  if  the 
series  is  sufiiciently  extended,  the  later  successive  means 
cease  to  vary  materially.  If  the  successive  means,  car- 
ried to  the  end  of  the  series  of  terms,  do  not  attain  the 
required  degree  of  constancy,  the  series  is  too  short. 
A  further  criterion  is  the  determination  of  the 
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error  ;  that  is,  the  divergence  of  tlie  individual  terms 
of  the  series  from  its  meaiv  The  mecm  error  in  excess 
and  the  7)iean  error  in  deficiency  are  simply  the  arith- 
metic means  of  the  errors  of  those  terras  which  fall 
respectively  above  and  below  the  mean  of  the  series. 
The  mean  error  of  tlie  series  is  the  average  of  the  mean 
errors  in  excess  and  deficiency.  The  greater  the  mean 
error,  the  greater  is  the  need  for  an  extended  series  in 
order  to  compensate  for  the  uncertainty  of  each  ob- 
servation. Radicke  prefers  to  adopt  the  quadratic 
mean  error  rather  than  the  arithmetic,  described  above, 
since  the  former  increases  more  rapidly  with  the 
inequality  of  the  terms. 

Multiplying  the  mean  error  by  "6745  or  f  we  get 
the  jjrobable  error,  so  called  because  it  is  probable 
that,  if  the  series  were  prolonged  indefinitely,  the 
errors  would  as  often  exceed  as  fall  short  of  this 
quantity. 

The  maximum  error,  whether  in  excess  or  de- 
ficiency, is  useful  as  showing  the  possible  error  of  a 
limited  number  of  observations.  Another  way  of 
estimating  the  error  is  to  determine  the  "■error  of 
mean  squared  In  a  series  of  n  terms,  Q  being  the 
quadratic  mean  and  a  the  arithmetic  mean,  the  "error 

or  mean  square    is  — „  ;. 

^  [n^—n) 

The  value  of  a  series  increases  as  the  proportion 
of  the  "eiTor"  (of  whatever  kind)  to  the  mean 
diminishes.  The  relative  values  of  two  or  more  series 
vary  inversely  as  the  square  of  their  "  probable  errors." 

Statistics  ai'e  often  presented  in  bulk,  and  the 
same  question  of  sufficiency  arises.  For  instance,  out 
of  6,288  reported  cases  of  scarlet  fever  2,861  are  at 
ages  \inder  five  years ;  are  these  numbers  sufficiently 
great  to  warrant  the  conclusion  that  the  propoi'tion, 
45 "5  per  cent.,  is  approximately  constant?  Such  data 
are  really  the  sum  or  average  of  suppressed  series,  and 
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their  value  is  proportionate  to  the  square  root  of  their 
magnitude.  Poisson  proposed  to  measure  the  liability 
to  error  thus  : — If  of  ^  observations,  m  are  in  one 
category  and  n  in  other  categories,  and  m  -{-  0%  =  fx^ 
then  the  true  proportion  of  the  m  category  to  the  total 

^  lies  between       +  2    a/^  and       -  2  a/^; 

"  3  ' 

the  instance  in  point  the  range  is  4  a  / ^  x  ^>861  x  3,427 

or  about   •    Hence  the  indicated  proportion,  45  "5 

1,000  ^   ^  ' 

per  cent.,  is  liable  to  a  range  of  error  of  3 "6  per  cent., 

from  43-7  to  47-3. 

It  may  also  be  possible  to  divide  the  total  jx  into 

two  or  more  fairly  equal  parts,  and  thus  ascertain  if 

the  proportion  —  is  approximately  constant  in  each. 

Such  constancy  would  tend  to  show  that  the  proportion 
is  a  fixed  quantity,  and  not  a  mere  average. 

The  preceding  remarks  have  reference  mainly  to 
series  that  are  intended  to  show  by  their  mean  some 
true  fixed  quantity.  Sometimes  they  are  used  for  a 
different  purpose — namely,  the  exhibition  of  pro- 
gressive changes  or  fluctuations.  Here  the  general 
considerations  as  to  magnitude  still  apply,  but  the 
determinations  of  "  error  "have  no  significance  except 
in  regard  of  the  individual  terms  of  the  series.  It  is 
often  convenient,  for  the  purpose  of  comparing  the 
fluctuations  of  difierent  series,  to  adopt  Buchan  and 
MitchelVs  method — namely,  to  state  each  term  of  a 
series  as  a  percentage  of  the  arithmetic  mean  of  the 
series.  In  this  way  all  series,  whether  the  terms  are 
large  or  small,  are  reduced  to  the  same  scale,  and  their 
tnie  differences  and  resemblances  can  be  seen  at  a 
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glance.  The  curves  in  Fig.  24  may  serve  as  an 
example. 

If  the  terms  of  a  series  are  based  upon  scanty 
statistics,  the  accidental  irregularities  may  be  so  gi-eat 
as  to  obscure  the  true  curve.  Some  degree  of  this  is 
evident  in  respect  of  diphtheria  in  Fig.  24.  A  clearer 
indication  of  the  general  outline  may  in  such  cases 
often  be  obtained  by  Bloxam's  method — that  is,  by 
substituting  for  each  term  the  mean  of  three  adjoining 
terms.  Thus  in  a  series  a,  6,  c,  d,  e,f,  g,  etc.,  we  should 

siibstitute  (a),     —  ,  ,   r-      etc.  Ibis 

o  o  o 

treatment  is,  of  course,  arbitrary,  and  curves  so  con- 
structed are  not  to  be  regarded  as  exact  in  detail. 
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APPENDICES. 


I.  Death  Rates  in  Selected  Ubban  and  Rural  Counties, 

1891—1900. 
England  and  Wales  (Tatham). 


Cause, 

Urban  Counties. 

Rural. 

All  Causes  

20,325 

14,800 

Sjiiall  Pox...   

13 

3 

Measles   

512 

212 

Scarlet  Fever   

200 

99 

Whooping  Cough   

433 

292 

Diphtheria   

297 

201 

Enteric  Fever   

198 

110 

Diarrhcea  

909 

382 

Phthisis   

1,493 

1,292 

Infant  Mortality  

1C7 

126 

II.  Death  Rates  at  Ages,  England  and  "Wales. 


Ages. 

Males. 

Females. 

Ten'  years ) 
ended  | 

1860 

1870 

1880 

1890 

1900 

1860 

1870 

1880 

1890 

1900 

All  Ages 
0—5 
5-10 
10—15 
15—20 
20—25 
25-35 
35—45 
45—55 
55-65 
05—75 
75—85 

Over  85 

21-9 
72-7 
8-6 
4-9 
6-7 

8-  8 

9-  6 
12-5 
18-0 
31-0 
65-5 

140-7 
308-2 

22-3 
73-5 
8-2 
4-5 
6-2 

8-  6 

9-  9 
13-5 
19-2 
33-1 
67-1 

147-2 
315 -d 

21-5 

68-  5 

6-  7 
3-7 
5-3 

7-  4 
9-4 

13-8 
20-1 
34-9 

69-  7 
150-8 
327-4 

19-7 
61  -6 
5-4 

3-  0 

4-  3 

5-  7 
7-8 

12-4 
19-4 
34-7 
70-4 
140-6 
305-8 

19-3 
62-7 

4-  3 

2-  4 

3-  8 

5-  1 

6-  8 
11-5 
19-0 
35-0 
70-4 

146-1 
286  ;8 

20-0 
63-0 
8-4 

6-  1 

7-  4 

8-  6 
10-0 
12-2 

■  15-3 
27-1 
58-9 
134-5 
288-9 

1 

20-4 
63-7 

7-  8 
4-6 
6-7 

8-  0 

9-  7 
12-1 
15-6 
27-9 
59-1 

134-9 
285-1 

19-3 
58-4 
6-3 
3-7 

5-  5 

6-  8 
8-6 

11-6 
15-0 
28-7 
61-0 
135-4 
296-4 

17-6 
52-0 
5-3 

3-  1 

4-  4 

5-  5 
7-4 

10-6 
15-1 
28-5 
00-4 
130-6 
270-8 

17-1 
5-2-8 
4-4 

2-  6 

3-  7 

4-  5 
6-1 
9-6 

14-8 
28 -4 
60-7 
130-6 
261-4 
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III.  Population.— England  and  Wales. 


Density, 

Ratn  of 

Females 

Census, 

Population. 

Decennial 

per 

Increase. 

100  Males. 

Per 

Per 

Square 

Inhabited 

Mile. 

House. 

1861 

20,066,224 

11-9 

105-3 

344 

5-4 

1871 

22,712,266 

13-2 

105-4 

390 

5-3 

1881 

25,974,439 

14-4 

105-5 

445 

5-4 

1891 

29,002,525 

11-7 

106-4 

497 

5-3 

1901 

32,520,076 

12-2* 

100-9 

558 

5-2 

*  Higliest  (23-1)  in  urban  districts  of  50,000  to  100,000,  diminishing  in 
each  direction  to  9-3  in  those  over  250,000  and  to  4-6  In  those  under  3,000. 

IV.  Age  and  Sex  Distbibution  op  Population  peb  Million, 
England  and  Wales,  Census  1901. 


Age- 
Periods. 


0—5 
5-10 
10—15 
15—20 
20—25 
25—35 
35—45 
45—55 
55—65 
05—75 
75—85 
Over  85 


All  Ages 


Males. 


67,039 
53,462 
51,370 
49,420 
45,273 
76,425 
59,394 
42,924 
27,913 
14,691 
5,080 
552 


483,543 


Females. 


57,223 
53,747 
61,365 
60,376 
50,673 
85,154 
63,456 
46,298 
31,828 
18,389 
7,010 
939 


516,467 


Total. 


114,262 
107,209 
102,735 
99,796 
95,946 
161,579 
122,849 
89,222 
59,741 
33,080 
12,090 
1,491 


Urban. 


Rural. 


1,000,000 


114,348 
105,555 
101,147 
101,080 
100,291 
167,597 
124,282 
88,308 
56,642 
29,502 
10,102 
1,186 


113,978 
112,760 
108,397 
95,489 
81,370 
141,390 
118,039 
92,086 
70,139 
45,080 
18,758 
2,514 


1,000,000*  ,  l,000,000t 


*  Males,  479,444  ;  females,  520,556. 
•I-  Males,  497,293  ;  females,  602,707. 

V.  BiETH  Rates  and  Death  Rates,  England  and  Wales. 


Births  of  Males 

Death  Rate. 

Tnfnnt 

Deceunium. 

Birth 
Rate. 

per  100  Births 

Mor- 

of Females. 

tality. 

Male. 

Female. 

Total. 

1861—1860 

34-1 

104-6 

23  0 

21-3 

22-4 

154 

1861—1870 

36-2 

104-2 

23-6 

21-3 

22-4 

164 

1871—1880 

35-5 

103-8 

22-6 

20-0 

21-3 

149 

1881-1890 

32-4 

103-7 

20-2 

18-0 

19-1 

142 

1891—1900 

29-9 

103-6 

19-3 

17-2 

18-2 

154 

Appendices. 
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VI.  Death  Rates  per  Million,  England  and  Walks. 
Causes  and  5-Yeae  Periods. 


CAUsEq.     Five  years  j 

JLOOU 

looO 

XoyU 

1  onn 

All  Causes  

20,791 

19,403 

18,895 

18,718 

17,685 

16,004 

binall  Pox   

78 

78 

14 

20 

7 

25 

Measles 

385 

413 

468 

407 

421 

326 

Scarlet  Fever   

CSO 

436 

241 

182 

135 

126 

Typhus   

34 

23 

7 

4 

1 

1 

Enteric  Fever   

277 

216 

179 

174 

175 

113 

Whoopiug  Cougli  

527 

459 

444 

398 

359 

300 

Diphtheria  

122 

156 

170 

253 

272 

204 

Diarrhcea   

853 

672 

681 

651 

817 

673 

Pneumonia  

999 

1,002 

1,131 

1,251 

1,203 

1,271 

Xii  yoi^t^ido                  ..•  ... 

81 

00 

40 

ou 

Phthisis   

2,040 

1,830 

1,635 

1,462 

1,322 

1,215 

Alcoholism  

42 

48 

56 

68 

86 

78 

Kheumatic  Fever  

62 

98 

89 

88 

83 

77 

Cancer   

494 

548 

632 

711 

800 

864 

Diabetes   

40 

51 

62 

69 

81 

89 

Piemature  Bkth  

473 

475 

507 

562 

574 

569 

Heart  

2,475 

2,383 

2,581 

2,504 

2,417 

2,206 

Bronchitis  

2,377 

2,154 

2,136 

2,074 

1,563 

1,237 

Cirrhosis  of  Liver 

110 

120 

122 

120 

135 

121 

Bright's  Disease   

188 

222 

248 

257 

278 

379 

II.  Death  Rates  per  Million,  England  and  "Wales,  1891—1900. 

Causes  and  Ages. 


Causes.  Ages-{ 


nail  Pox  

easles   

;ark't  Fever 
hooping  Cough  .. 

iphtlieria  

iitcric  Fever 

ianlirea  

iieuirionia  

itliisis   

mcer   

iabetes   

roncliitis  

right's  disease  .. 


0-5 

5-10 

10-15 

15-20 

20-25 

25-35|35-45j46-55 

1 

55-65 

65-75 

Over 
75 

29 

10 

3 

5 

11 

16 

18 

13 

~« 

10 

8 

3247 

221 

18 

7 

4 

4 

3 

2:  1 

1 

0 

844 

353 

81 

33 

22 

15 

8 

4 

2 

1 

0 

3086 

96 

3 

1 

0 

0 

0 

0 

1 

1 

3 

1362 

679 

125 

36 

20 

16 

14 

12 

15 

12 

9 

82 

127 

162 

256 

272 

239 

190 

144 

112 

69 

29 

5485 

37 

10 

8 

12 

22 

40 

85 

234 

708 

2070 

4945 

297 

112 

206 

281 

448 

852 

1271 

1953 

2939 

3973 

413 

206 

368 

1144 

1730 

2135 

2592 

2362 

1881 

1154 

437 

30 

16 

16 

29 

44 

139 

646 

1833 

3662 

5604 

6145 

4 

7 

17 

29 

36 

49 

71 

136 

390 

460 

380 

6306 

110 

27 

31 

45 

106 

367 

1214 

3850 

10060 

23268 

149 

64 

49 

67 

99 

171 

371 

690 

1218 

1849 

J  997 
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VIII.  Death  Rates  per  Million,  England  and  Wales, 
1891—1900.   Causes  and  Sex. 


Causes. 

Male. 

Female. 

Causes. 

Male. 

Female. 

All  Causes 

19,316 

17,142 

DiaiThoea  

S02 

678 

Small  Pox  

16 

11 

Pneumonia 

5,425 

4,4C8 

Measles   

439 

391 

Phthisis  

441 

3S5 

Scarlet  Fever 

162 

153 

Cancer   

000 

906 

Whooping  Cough 

349 

404 

Diabetes  

SO 

66 

Diphtheria 

264 

262 

Bronchitis 

1,849 

1,775 

Enteric  Fever  ... 

200 

150 

Bright's  Disea.se 

379 

299 

IX.  English  Life  Table,  based  upon  the  Mortality 
Statistics  of  1891—1900  (Tatham). 


Males. 

Females. 

Age. 

OUl  VIVUJ  0 

at  each  age, 
out  of 
1,000,000 
bom. 

Expectation  of  Life. 

ourvivoro 
at  each  age, 
out  of 
1,000,000 
t  bom. 

Expectation  of  Life. 

1891-00 

1881-90 

1838-54 

1801-00 

1831-90 

lS3S-5« 

0 

1,000,000 

44-1 

1^-7 

39-9 

1,000,000 

47-8 

47-2 

41-8 

1 

828,136 

52-2 

51-0 

46-6 

859,342 

54-5 

53-2 

47-3 

2 

784,090 

54-1 

53-0 

48-8 

816,810 

56-3 

55-2 

p-4 

3 

707,754 

54-3 

53-3 

49-6 

800,357 

56-5 

55-5 

50-2 

4 

757,631 

54  0 

53-1 

49-8 

789,683 

56-2 

55-3 

50-4 

5 

750,281 

53-5 

52-7 

497 

782,144 

55-8 

54-9 

50-3 

10 

734,299 

49-6 

49-0 

47-0 

765,267 

52-0 

51-1 

47-7 

15 

725,373 

45-2 

44-5 

43-2 

755,499 

47-6 

46-5 

43-9 

20 

711,714 

41-0 

40-3 

39-5 

741,766 

43-4 

4^-4 

403 

25 

693,894 

37-0 

36-3 

36-1 

725,386 

39-4 

38-5 

37-0 

30 

073,200 

33-1 

32-5 

32-8 

705,819 

35-4 

34-8 

33-8 

35 

648,169 

29-2 

28-9 

29-4 

682,147 

31-5 

31-2 

300 

40 

015,964 

25-6 

25-4 

26-1 

653,014 

27-8 

27-0 

27-3 

45 

577,010 

22-2 

22-1 

22-8 

619,184 

24-2 

24-0 

24-1 

50 

530,888 

18-9 

is-s 

19-5 

580,320 

20-6 

20-6 

2(K 

55 

475,849 

15-8 

15-7 

10 -4 

533,105 

17-2 

17-2 

17-4 

60 

409,518 

12-9 

12-9 

13 -5 

473,037 

14-1 

14-1 

u--> 

65 

332,344 

10-3 

10-3 

10-8 

398,299 

11-3 

11-3 

IV  0 

70 

246,030 

8-0 

8-0 

8-4 

307,168 

8-8 

8-8 

9-0 

75. 

158,008 

61 

6-1 

0-5 

210,688 

6-7 

6-7 

0-9 

80 

82,298 

4-6 

4-5 
3-3 

4-9 

118,068 

5-0 

5-0 

5-S 

85 

31,323 

3-4 

3-7 

49,925 

3-8 

3-7 

4-0 

90 

7,724 

2-6 

~  'f 

2-8 

14,3.30 

29 

3-0 

95 

1,059 

1-9 

1-7 

2-2 

2,494 

2-2 

2-0 

2-S 

100 

68 

1-5 

1-2 

17 

241 

1-8 

1-5 

1-8 

INDEX 


ABC  process,  267 
Absorption  of  heat  by  soil,  159 
Abyssinian  tube  wells,  43 
Acclimatisation  theory  of  pro- 
tection, 304 
Acid,  Carbonic,  in  air,  3, 13, 180 

 ,  Sulphurous,  in  gas,  5 

Actinomycosis,  150,  308 
Acts  of  Parliament,  490 
Adam's  method,  130 
Adoptive  Act,  508 
Adulterations  of  brandy,  156 

 of  butter,  143 

 of  flour,  148 

 of  milk,  125  ^ 

Aerated  waters,  61 
Aerobic  microbes,  310 
Aeroscope,  12 

Age- distribution  of  population, 
607,  632 

 as  affecting  mortality,  609, 

613,  621,  622 

 and  severity  of  attack,  300 

 and  susceptibility,  300 

Ague,  445 
Air,  3 

 ,  Analysis  of,  180,  184 

 ,  Bacteria  in,  7 

 ,  Composition  of,  3 

 ,  Dust  in,  9 

 ,  Examination  of,  12 

 ,  Impurities  of,  12 

 of  sewers,  257 

 ,  Physical  properties  of,  6 

Air  space.    See  Cubic  sijace. 
Albuminoid  ammonia,  79 
Alhumoses,  310 
Alcoholic  Beverages,  152 
Alexines,  316 
Alkali  Acts,  11,  575 

 works,  Fumes  from,  11,  575 

Alkaline  permanganate  solution, 
78 

Alluvial  soil,  171 
Ahunino-ferric,  265 
'Ambulant  plague,  443 
Amines  process,  266 


Ammonia  in  air,  4,  17 

 ,  Albuminoid,  79 

 ,  Free,  78 

 process  of  water  analysis,  78 

Ammoniacal     fermentation  of 

urine,  307 
Amoebse,  Parasitic,  284 
Ansemia  due  to  parasites,  291 
Anaerobic  microbes,  310 
Analyst,  Public,  531 
Anderson's  process,  266 
Anemometer,  30 
Aneroid  barometer,  28 
Animal  food,  Advantages  of,  98 

 matter  in  water,  89 

 ^  ,  Diseases  attributed 

to,  89 

 parasites,  284 

Animals,  Keeping  of,  481,  495,  551 , 

583,  594,  597 
Ankylostoma,  289 
Ankylostomiasis,  291 
Anopheles,  449 

Annual  variations  of  barometer,  29 

 of  birth-rate,  608 

 of  death-rate,  620 

 of  disease,  619,  621 

 of  rainfall,  29 

 of  thermometer,  19 

Anthrax,  425,  573 

 ,  Bacillus  of,  427 

Anticyclone,  32 

"AntiD"  trap,  241 

Antidote  theory  of  protection,  303 

Antill's  trap,  242 

Antiscorbutics,  100 

Antiseptics,  332 

Antitoxins,  315 

Apjohn's  formula,  23 

Arachuida,  285 

Argon  in  air,  3 

Ai-ithmetic  mean,  625 

Arrowroot,  152 

Arsenic  in  beer,  154 

 in  water,  74 

"Arsenical  poisoning,  572 
Artesian  wells,  43 

635 


636 
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Artificial  ventilation,  193  , 
Artisans'  dwellings,  202 
Ascaris  lumbricoides,  289 
Ash-closets,  249 

Ashes,  Removal  of,  235,  254,  492, 

509,  578 
Ashi^its,  Byelaws  as  to,  597 

 ,  Cleansing  of,  583 

 ,  Construction  of,  592 

Asiatic  cholera,  431 
Aspect  of  houses,  176 
Atmoxneter,  24 
Atmospheric  pressure,  25 
Attenuation  of  virus,  312 
Auxiliary  Agencies,  486 
Averages,  625 


Bacilli,  306 

 ,  Pathogenic,  307 

Bacillus  anthracis,  427 

 dysenterias,  455 

 euteritidis  sporogeues,  400 

 icteroides,  440 

— —  lepras,  452 

 pestis,  444 

Back-to-back  houses,  177 
Bacteria  and  disease,  306 

 in  air,  7 

 in  milk,  126 

-.  in  sewage,  57,  263 

 in  soil,  163 

 ,  Pathogenic,  59 

Bacterial  infection,  104 

 treatment  of  sewage,  271 

Bacteriological  laboratories,  437 
Bakehouses,  482,  568 
Ballard  on  diarrhoeal  mortality, 
395 

Bara  iron,  72 
Barley,  150 

Barometers,  Aneroid,  28 

 ,  Glycerine,  28 

 ,  Mercurial,  25 

 ,  Water,  28 

Beaufort's  scale,  31 
Beer,  151 

 ,  Arsenic  in,  154 

Beggiatoa,  67 
Bell  trap,  242 
Beri-beri,  456 
Berkefeld  filter,  50 
Bilharzia  hsBmatobia,  288 
Bird's  process,  266 
Birth-rates,  607,  632 

 as  affecting  death-rates, 

611 

Births,  Legitimate  and  illegiti- 
mate, 607 


Births,  Male  and  female,  607 
Births  and  Deaths  Eegistration 

Act,  483,  607 

 ,  Seasonal  curve  of,  608 

Bischof's  filter,  49 

Bishopsgate,  Plague  on  board  the, 

445 

Black-ash  process,  267 
Blair's  process,  83 
Bloxam's  method,  630 
Boiling  of  water,  48 
Boracic  acid  as  antiseptic,  333 

 as  disinfectant,  326 

Boras  as  antiseptic,  333 
Borough  Councils,  576 
Bothriocephalus,  287 
Bovine  diphtheria,  133 
Bovine  tuberculosis,  419 
Boyle  and  Marriotte's  law,  6 
Boyle's  valves,  190 
Brandy,  Adulteration  of,  156 
Brassfounder's  ague,  573 
Bread,  95,  149 

 ,  Adulterations  of,  149 

Brick,  PermeabiUty  of,  172 
Bristol,  Sewers  at,  259 
Broad  iixigation,  268 
Bromine,  Disinfection  by,  326 
Bubonic  plague,  442 
Buchan  and  Mitchell's  method, 
629 

Building  materials,  172 
 sites,  169 

Buildings,  Byelaws  as  to,  580,  586 

 ,  Dangerous,  503 

 ,  New,  502,  509,  580 

 ,  Obstructive,  525 

Burial  Act,  281,  282 

 grounds,  277 

 ,  Air  of,  279 

 ,  Byelaws  as  to,  580,  599 

 ,  Closure  of,  281 

 ,  Disused,  281 

 ,  L.G.B.  Memo,  as  to,  280 

 ,  S.A.  to  provide,  281 

 ,  Power  to  provide  for  and 

enforce,  515 
Butter,  142 

 adulteration,  143 

 analysis,  95,  143 

 ,  Composition  ofi  143 

 and  disease,  144 

 and  Margarine  Act,  1907,  535 

Butyric  acid  fermentation,  128 
Buys-Ballot's  law,  34 
Byelaws,  508,  578 

 ,  Annotated  Model,  582 

 for  urban  and  rural  districts, 

490,  508 
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Byelaws,  L.C.C.  must  make,  552 
 ,  Model,  582 

Calcium  salts  in  water,  62,  67,  74 

Calculi,  Urinary,  76 
',  Calf  vaccination,  348,  350 

Campbell's  sunshine  recorder,  20 
:  Canal  Boats  Acts,  538,  540 
>  Cancer  mortality,  612 
I  Carbohydrates,  91 
1  Carbolic  acid  as  deodorajit,  333 

 as  disinfectant,  327 

 oil,  326 

Carbon  filters,  49 

Carbonates  in  water,  63 

Carbonic  acid  in  air,  3,  13,  180 

 in  soil,  162 

 in  water,  60 

 oxide  in  air,  4,  16,  197 

Carferal  filter,  49 

Carrots,  95 

Casein,  121 

Caterham  outbreak,  384,  390 
Causes  of  death,  Classification  of, 

611,  620 
Cellar  dwellings,  493,  550 
Cement,  172 

Cemeteries,  278,  580,  599 

 ,  Air  of,  279 

Census,  605 

Cerebro-spinal  fever,  404 

  meningitis.   Epidemic.  See 

Cerebro-spinal  fever. 
Cesspools,  263,  683,  592 
Chalk,  170 

 soils,  170 

 ,  Water  from,  63,  64 

Cbamberland's  filter,  52 
Charcoal  filters,  49 
Charles's  law,  6 
Cheese,  96,  145 

Chemical   composition   of  food 

substances,  95 
—  disinfection,  325 

 purification  of  water,  48 

Chicken-pox,  215,  355 
Children  in  factories,  574 
Chittenden  on  dietary,  94 
Chloride  of  lime,  326 
Chlorides  in  water,  62 
Chlorine  as  deodorant,  333 

 as  disinfectant,  328 

Cholera,  4.31 

 ,  Microbe  of,  435 

 nostras,  437 

 regulations,  470 

 and  ground  water,  168,  433 

 and  locality,  434 

 and  rainfall,  432 

 and  season,  432 


Cholera  and  soil,  433 

 and  water,  434 

 in  England,  431 

Chyhu-ia,  293 
Cisterns,  House,  47,  493 

 ,  Separate,  for  closets,  247 

Clarine  process,  267 
Clark's  process,  48 
Claviceps  purpurea,  150 
Clay  sites,  169 

Cleansing  of  houses.  Compulsory, 
492 

Cleansing  of  Persons  Act,  554 
Climate,  35 
Closets,  Ash,  249 

 ,  Byelaws  as  to,  583 

 common   to  two   or  more 

houses,  508 

 ,  Earth,  249,  251,  583,  591 

 ,  Flush,  248 

 for  factories,  491 

 for  schools,  207 

 for  tenement  houses,  number 

required,  597 
 for  houses,  Compulsory,  491, 

549 

 ,  Pail,  250,  252,  253,  254 

 ,  S.A.  responsible  for  super- 
vision of,  491 

 ,  Revolver,  248 

 ,  Trough,  248 

 ,  Water,  245,  590 

Closure  of  houses  unfit  for  habi- 
tation, 524,  593 

 of  polluted  wells  or  cisterns, 

493 

Coccldia,  285 

Cockles,  126 

Coenurus  cerebralis,  102 

Coffins,  279 

Cohn's  solution,  310 

Coke,  196 

Cols,  33 

Combination  of  sanitary  districts, 
504 

Combustion,  11 

 ■  process,  79 

Comma  bacillus,  435 
Committees,  Powers  of,  505 
Common  lodging  houses,  494,  510 

 ,  byelaws,  579,  584 

Comparative  mortality  figure,  609, 
623 

Compo  for  walls,  172 
Compulsory  detention  in  hospital, 
515 

 disinfection,  500,  513 

 notification,  458 

 removal  to  hospital,  600 
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Concrete,  172 
Condensed  milk,  141 
Conder's  process,  265,  267 
Conduits,  46 

Constant  water  supply,  47 
Cousuiiiption.  .See  Phthisis. 
Contagious  diseases,  295 
Container  closet,  246 
Contamination  of  air,  7 

 of  water  by  lead,  69 

 by  organic  matter,  40 

Contributory  place,  505 
Cooking,  Chemical  effect  of,  112 
Copper  salts  in  water,  74 
Cornices,  Ventilating,  188 
Corrected  death-rates,  608,  614 
Cotton  clothing,  320 

 workers,  Mortality  among, 

623 

Cough-spray,  418 

County  authorities  may  regulate 
dog-muzzUng,  425 

 Councils,  473,  519,  522,  626, 

537,  551,  552,  559,  576 

Cow-pox,  350 

Cow-sheds.    See  Dairies. 

Cream,  122 

Cremation,  282 

Croup,  377 

Cubicspace,  183 

 —  and  mortality,  135 

 in  canal  boats,  539 

 in  common  lodging- 
houses,  584 

 in  cowsheds,  543 

 in  factories,  561 

 in  hospitals,  222 

 in  tenement  houses,  596 

Culex,  449 

Cultivation  of  microbes,  310 
Cupric  sulphate  as  deodorant,  333 

 as  disinfectant,  326 

Customs  and  Inland  Jieveniie  Act, 

1890,  579 
Cyclones,  32 
Cyslicercus,  287 

D-trap,  242 

Dairies,  cowsheds,  and  milkshops 

Orders,  541 
 ,  Drainage   of,  542, 

547 

.  ,  Infectious  diseases 

in,  517 

 ,  Lighting  of,  545, 

546 

 ,  Registration  of,  641 

 ,  Regulations  re- 
specting, 544 


Dairies,  cowsheds,  and  milkshops, 

Swine  in,  .543 
 ,  Ventilation  of,  545, 

546 

Damp  and  disease,  167 

 course,  174,  588 

 soil,  161 

Dangerous  buildings,  503 
Daniells'  hygrometer,  22 
Darnel,  150 

Dead,  Disposal  of  the,  277 
Death,  Causes  of,  611,  63;J 

 ,  daily  average,  277 

 ,  Registration  of,  608 

 rates,  603,  631,  632,  633,  634 

 and  density  of  populiu 

tion,  185,  394,  610 
 at  ages,  609,  613, 631,  632, 

633,  634 

 ,  Calculation  of,  605 

 ,  Corrected,  608,  614 

 influenced  by  birth-rates, 

611 

 ,  Male  and  female,  610, 

612,  631.  632 
 ,  Progressive  changes  in, 

611,  620 

 ,  Urban  and  rural,  609,631 

 ,  Zymotic,  612,  614 

Deaths  at  aU  ages.  Statistical 

table,  631 
  from  all  causes.  Statistical 

table,  633 
Default  of  S.A.,  Procedure  in 

case  of,  505,  525,  552 
Dengue,  441 

De  novo  hypothesis,  296 
Density  of  population  as  affecting 

mortahty,  185,  394,  610 
Deodorants,  333 
Destructors,  255 

Dew-point  of  temperature,  21,  23 
Diarrhoea,  Age  and,  397 

 and  density  of  population,  393 

 ,  Bacillus  of,  400 

 ,  Eai'th-temperaturesand,  396 

  Epidemic,  393,  396 

 ,  LocaUty  and,  399 

 ,  Milk  and,  135,  398 

 ,  Outbreaks  in  public  institu- 
tions, 399 

 ,  Season  and,  398 

 ,  Sex  and,  398 

 ,  Soil  and,  395 

 ,  Temperature  and,  395 

 ,  Water  and,  395,  3£9 

Dibden' s  treatment  of  bacteria,  272 
Diet,  Animal  and  vegetable,  98  • 
 ,  Disease  and,  99 
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Diet,  Essentials  of,  90 
Dietaries,  92 

 ,  Calculation  of,  94 

Dines'  hygrometer,  22 
Diphtheria,  214,  367,  460,  631,  633 

 ,  Air  and,  370 

 ,  Animals  and,  369 

 ,  Antitoxin  treatment  of,  375 

 ,  Bacteriology  of,  373 

 ,  Bovine,  133 

 ,  Locality  and,  369 

 ,  Milk  and,  370 

 ,  Season  and,  368 

 ,  Sewer-gas  and,  36 

 ,  Virus  of,  372 

Diplococci,  30iS 
Disconnection  chamber,  239 

 from  drain,  239,  590 

 from  sewer,  239 

 of  waste-pipes,  241 

Disease  maps,  464 

Diseases  common  to  man  and 

lower  animals,  298 
- — ,  Contagious,  295 

 ,  Endemic,  297 

— ,  Epidemic,  297 
  for  -which  schools  must  be 

closed,  208 

 ,  Infectious,  294,  499 

 ,  Inoculable,  295 

 ,  Malarial,  445 

 ,  Notification  of,  453 

• — •,  Pandemic,  297 

 ,  Specific,  294,  334 

 ,  Telluric,  166 

 ,  Tropical,  431 

Disinfecting  apparatus,  S.A.  to 

provide,  552 
Disinfection,  318 

 by  heat,  319 

 by  hot  air,  321,  324 

 by  steam,  321,  325 

 ,  Chemical,  325 

 ,  Compulsory,  500,  513 

 in  sick-rooms,  466 

 of  rooms,  328,  469 

■  ,  Shelter  for  inmates  during, 

468 

Disposal  of  ashes  and  household 
refuse,  235, 254,  491,  509,  516, 583, 
595 

Disposal  of  the  dead,  277 

 of  sewage,  263,  537 

•  of  traderefuae,  254, 537,595, 602 

Distillation  of  water,  48 
Distoma  hepaticum,  102,  289 
District  Councils,  521 
Disused  Burial  Grounds  Act,  282 
Dochmius  duodenalis,  290 


Doeeker  huts,  227 
Dolcoath  anaemia,  291 
Dolomite.    See  Magnesian  lime- 
stone. 

Dog-muzzling  and  rabies,  425 
Domestic  factories  andworkshops, 
558 

T^rainage,  161,  235 

 and  disease,  167,  168 

 ,  Byelaws  as  to,  509, 579,588,602 

 ,  Compulsory,  for  every  house, 

490 

 districts,  Special,  505 

 of  subsoil,  161,  237 

Drains,  Construction  of,  235,  589 

 ,  Definition  of,  494 

 ,  Dimensions  of,  237 

 ,  Disconnection  of,  238,  590 

 ,  Testing  of,  244 

 ,  Trapping  of,  589 

 ,  Ventilation  of,  239,  589 

Draught,  Velocity  of,  191 

Dry  heat.  Disinfection  by,  321,  324 

 rot,  175 

 systems  of  excreta  disposal, 

249 

Ducat's    treatment    of  sewage 

bacteria,  271 
Ducker  huts,  227 
Dumb  wells,  263 
Duration  of  life.  Probable,  615 
Dust,  9 

 and  disease,  7 

Dysentery,  Amoeboid  parasite  in, 
455 

Earth-bm-ial,  277 

 closets,  249,  251,  583,  591 

 temperatures,  20 

Eaves-gutters,  503 

Eberth-Gaffky  bacillus,  391 

Education  Committee  of  L.C.C . 
and  infectious  diseases,  216 

Education,  Elementary  (Blind  and 
deaf  children).  Act,  1893,  218 

 (Defective  and  epileptic 

children).  Act,  1899,  218 

Effluents,  Sewage,  256 

— ,  Trade,  41,  256,  274,  536 

Eggs,  95,  147 

Egyptian  chlorosis,  291 

Ehrlich's  side  chain  protection 
theory,  305 

Electrolytic  process,  267  ^ 

Elementary  Education.  ,  See  Edu- 
cation. 

Elephantiasis,  293 

Em))loyment  of  Children  Act,  57o 

Endemic  diseases,  297 
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English  life  table,  G34 
Enteric  fever,  382,  403,  633,  63-1 

 and  ground-water,  167, 

 and  locality,  389  [384 

 and  milk,  387 

 and  oysters,  387 

 and  season  ,382 

 and  sewer-gas,  388 

 and  soil,  383 

- — •  •  and  water,  384 

 at  Caterham,  384,  390 

 at  Lincoln,  385,  390 

 at  Mimich,  166,  383 

 at  Worthing,  385 

 ,  Bacillus  of,  391 

Entry  upon  private  premises,  497 
Epidemic  diseases,  297 

 ,  variation  in  type,  300 

Epidemics,  Milk,  132,  513 

 ,  Water,  89,  384,  434 

Equifex  disinfector,  323 
Ergot  in  flour,  148 

 in  rye,  150 

Error,  Mean,  628 

 of  mean  square,  628 

 ,  Probable,  628 

Erysipelas,  378 

Essential  oils  as  antiseptics,  333 

 ^ —  as  deodorants,  333 

Evaporation,  24 

 from  leaves,  159 

Exanthemata,  299 

Excreta,  Amount  of,  262 

 ,  Disposal  of,  245,  251 

 ,  Removal  of,  251,  491 

 ,  Different  systems  com- 
pared, 251 

 ,  Economic  advantages  of 

different  systems  compared,  251 

 ,  Theoretical  value  of,  262 

Exhaustion-theory  of  protection, 
303 

Exhumation,  Effect  on  health,  273 
Expectation  of  life,  615 
Expired  air.  Composition  of,  10 
 ,  Volume  of,  179 

Factory  and  Workshop  Acts,  557 
Factories,  Fire  escape  from,  567 

 ,  Sanitary  accommodation  of, 

564 

 Ventilation  and  cleanliness 

of,  495,  560,  561 
Facultative  jiarasites,  309 
Fairs  and  markets,  Byelaws,  580 
Famine  fever,  378 
Farcy,  425 
Fat  as  food,  91 
 ,  Composition  of,  110 


Fat  in  butter,  143 

 in  milk,  122,  130 

Ferozone,  267 

Ferrous  sulphate  aa  deodorant,  333 

 as  disinfectant,  326 

Ferruginous  water,  69 
Fever,  Cerebro-8X)inal,  404 

 ,  Enteric,  382,  633,  634 

 ,  Famine,  378 

 ,  Gaol,  380 

 ,  Intermittent,  445 

 ,  Malta,  454 

 ,  Puerperal,  367,  430 

 ,  Relapsing,  378 

 ,  Remittent,  446 

 ,  Scarlet,  361,  462,  463,  631, 

633,  634 

 ,  Simple  continued,  393 

 ,  Typhoid.    See  Enteric. 

 ,  Typhus,  379 

 ,  Yellow,  437 

Filaria,  292 
Filter-beds,  50 
Filters,  49 

Filth-conditions  and  disease,  89, 
168,  373,  385,  394,  434,  435,  438 

Filtration,  Effects  of,  49,  50 

 of  milk,  141 

 of  sewage,  266,  267 

 of  water,  49 

Filtre  Rapide,  49 

Fire,  means  of  escape  from,  in 
factories  and  workshops,  603  ■ 

Fires,  Gas,  196 

 ,  Open,  34 

Fish,  116 

 and  disease,  116 

 ,  Composition  of,  95 

 ,  Preservation  of,  116 

Flagellates,  285 
Flour,  95, 147 
Flush-closets,  248 

 tanks,  243 

Flusliing  of  closets,  246 

 of  drains,  243 

 of  sewers,  257 

Fogs,  Cause  of,  21 

Fomites,  295 

Food  and  disease,  98,  397 

 and  Drugs  Acts,  529,  532,  533 

 ,  Classification  of,  90 

 ,  Composition  of,  95  [510 

 ,  unsound.  Seizure  of,  114,499, 

Foot  and  mouth  disease,  131 
Forbes  and  Price's  process,  266 
Forchammer's  process,  81 
Forecasts,  Weather,  34 
Formic  aldehyde  vapour  as  disin- 
fectant, 330 
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Foi-tiu's  barometer,  25 
Fosse  mobile,  249 

 permaneute,  49 

Foul  air  iiud  disease,  182 
Fraukland's  combustiou  process, 
79 

 filtration  in-ocess,  13 

Fruit-pickers,  Byelaws  as  to,  579 
Fulham  hospital  and  small-pox  ,335 
Fumigation,  328 

Gametocytes,  448 
Gaol  fever,  380 
Garget,  131 
Gases  in  air,  3,  8 

 in  sewers,  257 

 in  soil,  162 

 in  water,  62 

Gas-fires,  196 

 ,  Lighting,  181 

— -  washings,  493 
Gelatin  as  food,  91 
General  Powers  Act.   Sue  London 

County  Council. 
Geological  formations,  170 
Geometric  mean,  625 
Germ  theory,  301 
German  measles,  361 
Glaisher's  tables,  23 
Glanders,  425 
Glossina  palpalis,  285 
Gloucester,  Small-pox  at,  335 
Glycei-iuated  calf  lymph,  3 
Glycerine  barometer,  28 
Goddard,  Massey,  and  Warner's 

disiufector,  323 
Goitre,  76 

Gordon's  process,  13 

Goux  closets,  260 

Granite,  Permeahility  of,  162 

 sites,  170 

 ,  Water  from,  170 

Gravel  sites,  171 

 ,  Water  from,  171 

Graves,  277,  278,  279,  599 
Graveyards,  Air  of,  279 

 ,  Byelaws,  580,  599 

 ,  effect  upon  health,  278 

 ,  Pollution  of  water  by, 

279 

 ,  Position  of,  278 

Grease  traps,  242 
Greenwich  factors,  23 
Qregarines,  285 
Ground  air,  161 

 ,    Exclusion    of,  from 

houses,  173 
 water,  160 

 and  disease,  167, 168, 169 
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I   Guinea-worm,  293 
Gullies,  241 

Hsematuria,  Intermittent,  288 

Hsemosporidia,  285 

Haff  kine's  cholera  vaccine,  437 

Haldane's  method,  15 

Halibut,  Poisoning  by,  116 

Handicraft  classes  for  schools  207 

Hardness  of  water,  74 

 ,  Effects  of,  75,  76 

 ,  Tests  for,  75 

Harmonic  mean,  625 

Health  affected   by  articles  of 

food,  157 
Heat,  Disinfection  by,  319 
Heating  by  fires,  195 

 by  hot  pipes,  198 

 by  stoves,  197 

Height  of  rooms,  588 
Hendon  disease,  133 
Hermite  process,  267 
Hesse's  process,  12 
Hilld's  process,  266 
Home  isola.tion,  465 

 work,  570 

Hooke's  anemometer,  30 
Hopper  closets,  246 
Hop-pickers,  Byelaws  as  to,  579, 

603 

Horseflesh,  Sale  of,  Act  to  regu- 
late, 535 

Hospitals,    Cominilsory  removal 
to,  300 

 ,  Construction  of,  222,  516 

 ,  Cubic  space  in,  222 

 ,  Detention  in,  515 

 ,  Effect  of  Isolation  in,  232 

 ,  Floor  space  in,  223 

 for  infectious  diseases,  224, 502 

 ,  Number  of  beds  in,  228 

 .  Permanent  and  temporary, 

227 

 ,  Ventilation  of,  223' 

 ,  Wards,  222 

Hot  air.  Disinfection  by,  321,  324 

 ,  Warming  by,  198 

 water.  Warming  by,  198 

House-cleansing,  492 

 drainage,  490 

Household  refuse,  235,  254,  491, 

509,  583.  595 

 test  for  carbonic  acid,  15 

Houses,  Construction  of,  172,  587 
 ,  ,  Byelaws  regarding,  580, 

587 

 Inspection  of,  199,  593 

 let  in  lodgings,  Byelaws  re 

I      garding,  494,  579  596 
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Houses  unfit  for  habitation,  497, 
524,  593 

Housing  of  tlie  Working  Classes 

Acts,  522,  523,  527,  528 
Houston,  Dr.,  test  of,  for  B.  coli,  60 
Humidity  of  air,  20 

 in  workrooms,  564 

 ,  Relative,  23 

 of  soil,  150 

Hydatids,  288 

Hydraulic  mean  depth,  261 

Hydrochloric  acid  as  deodorant, 

333 

Hydrophobia,  422 

 ,  Pasteur's  experiments,  423 

Hygrometers,  22 

Ice-cream  and  Infection,  139 
Immunity  from  specific  diseases, 

303,  316 
Improvement  schemes,  523 
Impurities  of  air,  7,  12 

 of  soil,  163 

 of  water,  54,  280 

Incubation  of  disease,  298 
Industrial  poisoning,  571 
Infant  Life  Protection  Act,  554 

 mortality,  611,  615 

Infants'  Milk  Depots,  486 
Infection,  294 

 by  air,  234,  295,  318,  335 

 by  food,  98,  397 

 by  milk,  131,  397,  418,  513 

 by  rats,  445 

 by  water,  89,  295,  384,  434 

Infectious  diseases,  294 

 ,  Administration  as  to,  in 

elementary  schools,  216 

 and  schools,  208 

 ,  Disease  maps,  464 

 ,  Disinfection,  466 

 ,  Hospitals  for,  224,  502 

 in  canal  boats,  538 

 in   common  lodging- 
houses,  585 

 in  inhabited  tents  or 
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Special  drainage  districts,  505 
Specific  diseases,  294,  334 

 gravity  of  milk,  130 

Spence's  process,  266 
Spirilla,  307 

 ,  Pathogenic,  307 

Spirits,  153 
Spirocheetee,  307 
Sponge  filters,  49 
Spongy-iron  filter,  49,  52 
Spontaneous  origin   of  specific 

diseases,  296 
Sporocytes,  448 
Sporozoa,  284,  447 
Spotted  fever.  See  Cerebro-spinal 

fever. 
Springs,  39 
Stable  dwellings,  202 
Standards  of  purity  of  air,  180,  183 
 of   sewage  and  trade 

effluents,  275 

 of  water,  79,  80,  82,  87 

Staphylococci,  306 
Starch,  151 

Statistical  series.  Value  of,  625 

 ,  M.O.H.,  281 

Steam  disinfection,  321,  325 

 ,  Heating  by,  198 

 in  sewers,  508 
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Stegomyia  fasciata,  440 

Sterilisation  of  Milk,  141 

Stoves,  Heatiug  by,  197 

Streams,  Pollution  of,  40,  510 

Streets,  New,  502 

 ,  ,  Byelaws  as  to,  580,  586 

Streptococci,  59,  306 

Streptococcus  scarlatinse,  364 

Streptothrix,  30S 

Strougvlus  duodenalis,  290 

 filaria,  102 

Subsoil  di-ainage,  161,  237 

 irrigation,  263 

 water,  160 

 ,  Disposal  of,  260 

Successive  means,  627 

Sulphates  of  iron,  copper,  and 
ziuc,  as  deodorants  and  disin- 
fectants, 326,  333 

 in  water,  62 

Sulphides  in  water,  67 

Sulphuretted  hydrogen  in  air,  5 

 in  water,  71 

Sulphiu'ous  acid  in  gas,  5 

Sunday-schools,  S.A.  have  no 
power  over,  214 

Sunshine  recorders,  20- 

Superheated  steam,  322 

Susceptibility  to  disease,  Varia- 
tions in,  298,  300 

Suspended  matters  in  air,.3,  7,  10 

 in  water,  5i 

Swine,  Keeping  of,  513,  551,  583 

Synoptic  charts,  32,  34 

Tabes  mesenterica,  419 

Tache  eerebrale,  405 

Tieniada,  102,  286 

Tapeworms,  102,  286 

Tapioca  starch,  152 

Taylor's  closet,  251 

Telluric  diseases,  166 

Temperature,  Dew-point  of,  21, 23 

 of  air,  18 

 of  factories,  "563 

 of  soil,  159 

Tenement  factory,  557 
 houses,  202 

 ,  Byelaws  as  to,  579  59o 

 workshop,  558 

Tent  hospitals,  227 
Tents  and  vans,  496,  522,  579 
Tetanus,  428 
Thermometers,  Air,  18 

 ,  Earth,  160 

Threadworms,  289 
Thresli's  disinfector  3i3 

 process,  60 

Thrush,  308 


Tidy's  process,  81 
Tinned  foods.  111 
Tobin's  ventilator,  188 
Toxins,  313 

Trade  effluents,  41,  256,  274,  536 

 i-efuse,  254,  646,  595,  602 

Trades,  Offensive,  497, 551,  580,  601 
Traps,  235,  239,  247 
Trematoda,  288 
Trichina  spiralis,  291 
Trichinosis,  292 

Tropical  abscess  of  liver,  Parasites 
in,  308 

 diseases,  431 

Troiigh  closets,  248 
Trypanosomes,  285,  451 
Tub-closets,  250 
Tube  wells,  43 
Tuberculosis,  106,  410 

 and  food,  418 

 and  locality,  416 

 and  lower  animals,  417 

 and  milk,  129,  418 

 ,  Bacillus  of,  415 

 ,  Bovine,  419 

 in  animals,  106 

Tubercular  meningitis,  419 

 peritonitis,  419 

Tumbler  closets,  249 
Typhoid  bacillus  in  soil,  165 

 fever,  382 

Typhus,  379 
Tyro-toxicon,  146 

Unhealthy  areas,  523 
Unsound  food.  Seizure  of,  499 
Urban  and  rural  birth  and  death 
~  rates,  681  [609 

 mortality  compared, 

  Authorities,  power  to  make 

byelaws,  678 

 District  Councils,  522 

 powers  for  rural  districts,  505 

 Sanitai'y  Authorities,  490 

 Districts,  490 

Urinary  calculi,  76 

Vaccination,  340 

 Acts,  353 

 ,  Calf,  348 

 certificates.  Magistrates',  353 

 ,  Postponement,  354 

 ,  Insusceptibility  to,  354 

 ,  Protection  by,  349 

 ,  Public,  353 

.  ,  Quality  of,  345 

 ,  Report  of  Royal  Commission 

ou,  351 
 ,  Rabies,  424 
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Vaccine,  Cholera,  436 
Value  of  sewage,  262 

 of  statistical  series,  625 

Valve  closets,  246 

Van  Overbeek  de  Meyer's  disin- 

fector,  323 
Vans,  Inhabited,  494,522,  579 
Varicella,  215,  355 
Variolation,  317,  340 
Vegetable  dietary,  98 

 foods,  147 

 matter  in  soil,  164 

 in  water,  88 

Vegetation,  etfect  on  climate,  159 
Ventilation,  179 
 ,  Artificial,  193 

 beneath  floors,  173,  588 

 ,  Haldaue  and  Lorrain  Smith's 

experiments,  182 
 ,  Mechanical,  193 

 ,  Natural,  187,  194 

 of  drains,  239,  589  [561 

 of  factories  and  workshops, 

 of  hospitals,  223 

 of  new  buildings,'  588 

 of  rooms,  176,  187,  088,  598 

 of  schools,  204 

 of  sewers,  259 

Ventilators,  188 

Verdet,  150 

Vernier  scale,  26 

Vessels  infected  with  cholera,  470 

Vibriones,  307 

Virus,  Attenuation  of,  312 

Vital  statistics,  605 

V-shaped  depressions,  32 

Walls,  Construction  of,  172,  175, 
587 

Wanklyn's  ammonia  ijrocess,  77 
Warming,  Methods  of,  195 

 of  Schools,  205 

Wash-out  closet,  246 
Washington  Lyon's  disiufector,322 
Waste-pipes,  240 
Water,  37 

 ,  Analysis  of,  76 

 and  disease,  88,  384,  434 

 as  food,  92 

 ,  Bacteria  in,  55 

 barometer,  28 

 closets,  245,  590 

 ,  Collection  of,  44 

 ,  Dissolved  matter  in,  53,  84 

 ,  Examination  of,  52,  59,  84 

 ,  Gases  in,  60 

 ,  Good  and  bad,  87 

 in  air,  17 


Water"  in  soil,  160 
- —  in  tissues,  92 

 ,  Organisms  in,  54 

 ,  Purification  of,  47 

 ,  Physical  characters  of,  53 

 pipes,  72 

 ,  Eain,  39 

 ,  Eiver,  40 

 ,  Storage  of,  44 

 supplies,  42,  47,  179,  207,  492, 

506,  539 

 ,  Pollution  of,  by  grave- 
yards, 279 

 ,  Suspended  matters  in,  54 

Watercress,  150 

Webster's  i^rocess,  267 

"  Wedges  "  of  high  pressure,  33 

Welbeck  disease,  102 

Wells,  39,  42 

 ,  Closure  of,  493 

 ,  Dumb^  263 

Werner-Schmidt's  method,  130 

Wheat  flour,  147 

Wheel  barometer,  25 

Whisky,  definition  of,  157 

Whitthread's  process,  266 

Whooping  cough,  215,  359,  462, 
623,  634  , 

Widal's  application  of  Griiber's 
reaction,  392 

Wimbledon,  Scarlet-fever  at,  138 

Winchester  quart,  52 

Wind,  30 

Windows,  588 

Windrose,  32 

Wooden  hospitals,  226 

Woollen  clothing,  320 

Woolsorters'  disease,  426 

Work,  Mechanical,  97 

Working   Classes,  Housing 
Acts,  522,  523,  627,  528 

Workmen's  Compensation  Act, 
1906,  576 

Workshops.    See  Factories. 

Worms,  Parasitic,  286 

Worthing,  Outbreak,  385 

Yards  of  lodging-houses,  598 
Yellow  fever,  437 

 ,  Bacteriology  of,  440 

 Eegulations,  470 

Zinc  salts  as  disinfectants,  326 

 in  water,  74 

Zooglcea,  306 
Zygote,  448 

Zyulotic  death-rate,  612 
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